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UNITED STATES PATENT AND TRADEMARK OFFICE 
In re application of 
Jean-Gerard GUILLET et al . 
Serial No. (unknown) 
Filed herewith 

PEPTIDE ANALOGUES AND USES THEREOF, 
IN PARTICULAR IN PHARMACEUTICAL AND 
DIAGNOSTIC COMPOSITIONS 

PRELIMINARY AMENDMENT 

Assistant Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to the first Official Action and calculation 
of the filing fee, please amend the above-identified applica- 
tion as follows: 

IN THE CLAIMS : 

Claim 3, line 1, cancel "or 2". 

Claim 4, line 1, change "one of Claims 1 to 3," to 
--Claim 1, -- . 

Claim 5, line 1, change "one of Claims 1 to 4," to 
- -Claim 1 , - - . 

Claim 6, line 1, change "one of Claims 1 to 5," to 
- -Claim 1 , - - . 

Claim 10, line 1, change "one of Claims 1 to 9," to 
- -Claim 1 , - - . 

Claim 11, line 2, change "one of Claims 1 to 9," to 
- -Claim 1 , - - . 

Claim 12, line 2, change "one of Claims 1 to 9," to 
- -Claim 1 , - - . 



Jean-Gerard GUILLET et al . 

Claim 13, line 6, change "one of Claims 1 to 9," to 
- -Claim 1 , - - . 

Claim 14, line 1, change "one of Claims 1 to 9," to 
--Claim 1, -- . 

Claim 15, line 8, change "one of Claims 1 to 9," to 
--Claim 1 , - - . 

Claim 16, line 1, cancel "the"; 

line 2, cancel "according to Claim 15"; 

line 3, change "one of Claims 1 to 9;" to 

--Claim 1 ; - - ; 

line 6, change "the" to --a--; cancel 
"according to Claim 14". 

Claim 19, line 1, change "one of Claims 1 to 9," to 
- -Claim 1 , - - . 

Respectfully submitted, 
YOUNG & THOMPSON 





Andrew J. Pa£«h 
A 1 1 o r ney f o r~App 1 i c ant s 
Registration No. 32,925 
745 South 23rd Street 
Arlington, VA 22 2 02 
Telephone: 703/521-22 97 



November 5, 1999 
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PEPTIDE ANALOGUES AND USES THEREOF, IN PARTICULAR IN 
PHARMACEUTICAL AND DIAGNOSTIC COMPOSITIONS 



The present invention relates to peptide analogues and to their uses, mainly in 
preparing pharmaceutical compositions, in particular vaccines, and for in vitro or in 
vivo diagnosis of various pathologies. 

The development of neuropeptides, peptide hormones and peptide-based 
antibiotics, or peptide-based synthetic vaccines, is greatly disrupted by the high 
sensitivity of peptides towards proteolysis, which limits, inter alia, their oral and 
parenteral administration. 

Pseudopeptides are a class of molecules which are particularly advantageous 
in the design of en2yme inhibitors. Cleavage with peptidases is involved in a 
variety of biological processes, since it makes it possible to generate active peptide 
or protein fragments from inactive precursors. The idea that an isosteric bond 
could be considered as a mimic of the tetrahedral intermediate formed during 
passage through the transition state has opened the way to inhibitors of 
pseudopeptide type. At the start of the 1980s this approach was used successfiiliy 
in the development of powerful inhibitors of angiotensin conversion enzyme 
(ACE), of renin (Szelke et aL, 1982 ; Boger et aL, 1983) and of the aspartic 
protease of HIV (Huff, 1991). More recently, several selective pseudopeptide 
inhibitors of Ras farnesyl transferase have been proposed. These molecule are of 
potential therapeutic value in the treatment of cancers involving the mutated Ras 
oncogene (Buss & Marsters, 1995). 

Pseudopeptidiques analogues of peptide hormones have also been the subject 
of many studies, with the prime objective of stabilizing the starting peptide and 
conserving the activity. This strategy has effectively allowed the discovery of 
powerful agonists (Chorev et aL, 1979 ; Nagain et aL, 1988 ; Doulut et aL, 
1992), but also of partial agonists and even antagonists of the hormone studied 
(Martinez et aL, 1985 ; Coy et aL, 1989 ; Leban et aL, 1993 ; Cai et a/., 1994). 
Analogues which are more selective at the receptor level have also been obtained 
in certain cases (Mendre, 1988 ; Nagain et aL, 1988 ; Schiller et aL, 1993). 
Moreover, the pseudopeptide bond makes it possible to explore the conformational 
characteristics of the Ugand at the modified site and to evaluate the contribution of 
the amide bond and the inter- or intramolecular hydrogen bonding in the 
interaction with the receptor or receptors. 
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However, the modifications made hitherto on peptides for immunological use 
are limited essentially to the addition of sugars, to that of longer or shorter amino 
acids to allow the emulsification of the resulting lipopeptides, to cyclization by 
formation of disulphide or covalent bridges, as well as to the addition of molecules 
such as biotin, in order to increase, for example, the sensitivity of solid-phase 

immunochemical tests. 

Several authors have asserted that pseudopeptides probably have very little or 
no immunogenicity, since they could not be transformed and presented to the 
molecules of the major histocompatibility complex (MHC) in order to be recognized 
by the helper T cells or by the cytotoxic T lymphocytes. In this respect, Dintzis et al 
have described that the L enantiomer of rubredoxin induces a strong immune 
response by production of immunoglobulins of isotype G (IgG), whereas the 
corresponding protein consisting of amino acids all of D configuration does not 
induce an immune response. 

It is in this context that the immunoretroids described below, as well as the 
antibodies directed against these immunoretroids, have been described in 
International Patent Application WO 95/24916 as being useful in vaccinating again$t 
pathologies in which peptides from which they are derived (parent peptides) were 
involved, as well as for the diagnosis of these pathologies. 

The authors of that International Patent Application, who are also the authors 
of the present application, had, in point of fact, demonstrated for the first time that 
the modification by replacing a peptide bond -CO NH~ in the peptide chain of a 
peptide, with a bond -NH-CO-, and, where appropriate, by the replacement of an 
amino acid of L configuration with an amino acid of D configuration, makes it 
possible to obtain peptide analogues (retro or retro-inverso, respectively) which can 
be used in the treatment of pathologies involving the immune response to humoral or 
cell mediation. 

The abovementioned immunoretroids are compounds of the peptide type, i.e. 
compounds consisting of a chain of protein-generating amino acids, in which at least 
one of the -CO-NH- bonds, and advantageously all of the -CO-NH- bonds, in the 
peptide chain of the corresponding parent peptide (not comprising any -NH-CO- 
bonds in its peptide chain) is (are) replaced with one (or more) -NH-CO- bonds, the 
chirality of each aminoacyl residue, whether or not it is involved in one or more of 
the abovementioned -NH-CO bonds, being either conserved (retro peptide) or 
inverted (retro-inverso peptide) relative to the corresponding aminoacyl residues 
constituting the said parent peptide. 

The expression "retro- inverso peptide" should be understood as meaning any 
peptide or peptide analogue corresponding to the definition of immunoretroids given 
above, the said peptide consisting more particularly of a peptide chain in which at 
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least one of the residues is linked to at least one neighbouring residue via an 
-NH-CO bond, on the one hand, and has the opposite chirality to that of this same 
aminoacyl residue in the peptide chain of the parent peptide, on the other hand. 

The expression "retro peptide" should be understood as meaning any peptide 
corresponding to the definition of immunoretroids given above, the said peptide 
consisting more particularly of a peptide chain in which at least one of the residues is 
linked to at least one neighbouring residue via an -NH-CO- bond, the chirality of all 
of the aminoacyl residues involved in at least one -NH-CO bond being conserved 
relative to the corresponding residue in the peptide chain of the parent peptide. 

It goes without saying that the -CO-NH- et -NH-CO- bonds must be taken into 
account in the text hereinabove and hereinbelow, in the sense of the parent peptide 
chain going from the amino-terminal (N-teiminal) end to the carboxy-terminal 
(C-tenninal) end. 

Given the general context of uncertainty regarding the efficacy of the peptide 
analogues recalled above, the authors of this International patent application 
WO 95/24916 considered that this inversion of the direction of the amide bond 
between protein-generating amino acids, and/or the modification of the configuration 
of the protein-generating amino acids, represented the only possible modifications of 
the parent peptides in order to obtain peptide analogues with a longer half-life, and 
biological properties, in particular immunological properties, which are comparable 
with, or even higher than, those of the abovementioned parent peptides. 

The present invention derives from the discovery made by the authors of the 
present patent application that, contrary to what they believed they had correctly 
deduced in the context of their previous invention on account of the general context 
recalled above, these modifications of retro or retro-inverso type of the peptide chain 
of the parent peptides do not represent the only possible modifications for obtaining 
peptide analogues of interest, at least not in the context of the diagnosis and/or 
treatment of pathologies involving the immune response to cell mediation. 

The reason for this is that the authors of the present patent application have 
demonstrated that the modification of natural peptides involved in pathologies in 
which immunity to cell mediation is involved, and more particularly the cytotoxic T 
lymphocytes, by replacing peptide bonds -CO-NH- in the peptide chain of the said 
natural peptides with bonds other than the -NH-CO- bonds, and/or by replacing the 
protein-generating amino acids in the natural peptide with non-protein-generating 
amino acids, makes it possible to obtain peptide analogues of the said natural 
peptides which can be used with the abovementioned advantages in the context of 
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the treatment or diagnosis of the said pathologies. 

The expression "protein-generating amino acid" means, in the text hereinabove 
and hereinbelow, any amino acid which is involved in the construction of a natural 
peptide or protein. 

The expression "non-protein-generating amino acid" means, in contrast with 
the above definition, any amino acid which is not involved in the construction of a 
natural peptide or protein. The expression "non-protein-generating amino acid" more 
particularly refers to any amino acid in which the carbon bearing the side chain R, 
i.e. the group -CHR-, located between -CO- and -NH- in the natural peptide chain, is 
replaced with a unit which is not involved in the construction of a natural peptide or 
protein. 

The object of the present invention is to provide pharmaceutical compositions, 
and more particularly vaccines, comprising peptide analogues which have a 
markedly longer half-life than that of natural peptides or natural proteins, or than the 
half-life of synthetic peptides which may or may not be derived from these natural 
proteins (these natural proteins, or peptides which may or may not be derived from 
these natural proteins, also being referred to in the text hereinbelow by the 
expression "parent peptides or proteins"), of which they are analogues, while at the 
same time having biological activity* and more particularly immunological activity, 
which is comparable to, or even higher than, that of the abovementioned parent 
peptides or proteins, or alternatively an activity which is different to or opposite that 
of the said parent peptides or proteins 

Another object of the present invention is to provide methods for the in vivo 
diagnosis or alternatively for the in vivo evaluation of an individual's immune 
response capacity in the context of pathologies in which natural peptides or natural 
proteins (which may be exogenous or endogenous) are liable to be involved by 
binding to the molecules of the MHC, the peptide-MCH complexes thus obtained 
[lacuna] to the receptors located on the T cells and recognizing the said natural 
peptides or natural proteins in their form complexed with the said molecules of the 
MHC. 

A further object of the invention is to provide compositions and kits for 
carrying out the abovementioned methods of in vivo diagnosis or evaluation of the 
immune response, 

A further object of the present invention is to provide methods for the in vitro 
diagnosis of pathologies associated with the presence of endogenous or exogenous 
proteins in an individual's body, these methods being carried out with the aid of the 
peptide analogues as defined above, or with the aid of antibodies directed against the 
complexes between these antibodies and the molecules of the MHC, and having the 
advantage of giving higher-quality performance than the diagnostic methods 
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currently carried out with the aid of the parent peptides Or proteins, or with the aid of 
antibodies directed against these parent peptides or proteins. 

A further object of the present invention is to provide new kits for carrying out 
such methods of in vitro diagnosis. 
5 The present invention relates to the use of peptide analogues of parent 

peptides, these parent peptides being derived, where applicable, from exogenous or 
endogenous proteins, the said parent peptides interacting with molecules of the 
MHC in the context of pathologies involving an immune response to cell mediation, 
in man or animals, the said analogues being characterized in that they correspond to 
1 0 the said parent peptides in which: 

at least one peptide bond -CO-NH- of the peptide chain is modified, with 
the exception of modifications of the retro or retro-in verso type, or 

at least one amino acid of the peptide chain is substituted with a non- 
protein-generating amino acid, or 
p is at least one peptide bond -CO-NH- of the peptide chain is modified and at 

O least one amino acid of the said peptide chain is substituted with a non-protein- 

^ f generating amino acid, 

S for the preparation of a medicinal product intended for preventing or treating 

^ the abovementioned pathologies. 

%. 20 More particularly, the invention relates to the abovementioned use of peptide 

m analogues derived from parent peptides which interact with molecules of the MHC 

J of category I» in the context of pathologies involving cytotoxic T lymphocytes. 

il Advantageously, the peptide analogues used in the context of the present 

p invention, and more particularly those derived from parent peptides which interact 

25 with molecules of the MHC of category I, correspond to the said parent peptides in 
which at least one peptide bond -CO-NH- of the peptide chain is modified, with the 
exception of modifications of the retro or retro-inverso type. 

As has already been seen previously, the abovementioned expression "parent 
peptide" should be understood as meaning, 
30 - either a peptide which exists per se in the natural state, in particular in a 

microorganism or in a higher organism (in particular in the human body), 

- or any peptide of immunological interest obtained by peptide synthesis, from 
protein-generating amino acids, 

- or a peptide derived from a protein as exists in the natural state in the 
35 abovementioned organisms, in particular by fragmentation of the said protein (in 

particular with the aid of suitable proteinases, followed by purification of the peptide 
under consideration), 
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or by peptide synthesis (according to the methods conventionally used in this field)* 
- or a peptide derived from a protein as exists in the natural state, but whose 
immunological activity has been modified, conserved or optimized by replacing 
certain amino acids of the natural sequence with protein-generating amino acids* for 
example after screening a library of peptide analogues obtained by peptide synthesis. 
The invention also relates to the peptide analogues of parent peptides, these 
parent peptides being derived, where applicable, from exogenous or endogenous 
proteins, it being possible for the said parent peptides to interact with molecules of 
the MHC in the context of pathologies in man or animals, the said analogues being 
characterized in that they correspond to the said parent peptides in which : 

at least one peptide bond -CO-NH- of the peptide chain is modified, with 
the exception of modifications of the retro or retro-inverso type, or 

at least one amino acid of the peptide chain is substituted with a non- 
protein-generating amino acid, or 

at least one peptide bond -CO-NH- of the peptide chain is modified and at 
least one amino acid of the peptide chain is substituted with a non-protein-generating 
[lacuna] acid. 

Advantageously, the abovementioned peptide analogues of the invention are 
characterized in that the number of protein-generating or non-protein-generating 
aminoacyl residues, linked via a modified or unmodified bond, is between about 5 
and about 20 7 preferably between 8 and 12 for the peptide analogues which bind to 
the molecules of the MHC of category I, and preferably between 8 and 16 for the 
peptide analogues which bind to the molecules of the MHC of category n. 

More particularly, the invention relates to the peptide analogues as described 
above, characterized in that at least one of the peptide bonds -CO-NH- in the peptide 
chain of the parent peptide is replaced with a bond other than the -CO-NH- bond, the 
said other bond being chosen in particular from the following : 

-CH2-NH- (methyleneamino) ; 

-CH2-CH2- (earba) ; 

-CO-CH2- (ketomethylene) ; 

-CH2-O- (methyleneoxy) ; 

-CHOH-CH2- (hydroxyethylene) ; 

-CHOH-CHOH- (dihydroxyethylene) ; 

-CH=CH- (E or Z olefin) ; 

-CHCN-NH- (cyanomethyleneamino) ; 

-S-CH2- (thiomethylene) ; 
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-CH2-S- (methylenethio) ; 

-CS-NH- (thioamide) ; 

'PO2-NH- (phosphonamide) ; 

-CHOH- (hydroxymethyiene) ; 

5 -NH-COtNH- (urea) ; 

-C*L_£H- (oxirane) ; 
o 

-£ — ^ (tetrazole) ; 

10 N N 

-CH2-CO-NH- (p-homologation) ; 

-CHOH-CH2-NH^ (hydroxyethyleneamino) ; 
-CO-NH-NH- (hydrazine). 

15 The invention also relates to the peptide analogues as described above, and 

characterized in that at least one of the peptide bonds -CO-NH- in the peptide chain 
of the parent peptide is replaced with a bond of the retro or retro-inverso type as 
defined above, in the case where at least one of the amino acids of the said peptide 
analogue is a non-protein-generating amino acid 

20 Peptide analogues which are preferred in the context of the present invention 

are characterized in that at least one of the peptide bonds -CO-NH- in the peptide 
chain or parent peptide is replaced with a methyleneamino bond or a bond of the p - 
homologation, or carba, or ketomethylene, or cyanomethylenearnino, or 
hydroxyethyleneamino type, 

25 More particularly, the invention relates to the peptide analogues of parent 

peptides involved in melanoma, in particular the peptide MARTI 27-35, the said 
parent peptide comprising, where appropriate, one or more mutations, such as the 
Leu^S-mutated parent peptide MARTI 27-35, the said peptide analogues 
corresponding to the said parents peptides in which at least one of the peptide bonds 

30 -CO-NH- is modified, with the exception of modifications of the retro or retro- 
inverso type. 

In this respect, the invention relates more particularly to the peptide analogues 
of the parent peptide Mart-1 27-35 of melanoma, comprising a methyleneamino 
bond and corresponding to the following formulae : 



35 
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Sequences 



5 


PI P2 


P3 


P4 P5 


P6 


P7 


P8 


P9 


MAR 1 1 7.1-33 


H-A- A- 


G- 


I- G- 


I- 


L- 


T- 


V-OH 


*P (1 - 2) 


H -A V(CH4NH)A - 


G- 


I- G- 


I- 


L- 


T- 


V-OH 


¥(2-3) 


H -A - A ▼(ch 2 nh)G - 


I- G- 


I- 


L- 


T- 


V-OH 


10 V (3-4) 


H-A - A - Gf^HjNK) 


I- G- 


I- 


L - 


T- 


V-OH 


Y (4 - 5) 


H-A- A 


G- 


IfCCKjNIoG - 


I- 


L- 


T- 


V-OH 


4»(5-6) 


H-A- A 


G- 


I - G "T(CHjNH)I - 


L- 


T- 


V-OH 


V (6 - 7) 


H-A - A 


G- 


I- G 




T- 


V-OH 


¥ (7 - 8) 


H-A- A 


G- 


I- G 


I- 


L*(CH 2 ISH)T - 


V-OH 


15«P(8-9) 


H-A- A 


G- 


I- G 


I- 


L- 


T*(CH 2 NH)V -OH 



These peptide analogues v (1-2), y (2-3), y (3-4), y (4-5), v (5-6), v (6-7), 
v (7-8) and y (8-9), also referred to as reduced peptide analogues of Mart- 1 27-35, 
20 correspond to the latter peptide in which the -CO-NH- bond located between the 
residues PI and P2, P2 and P3, P3 and P4, P4 and P5, P5 and P6, P6 and P7 7 P7 and 
P8, and P8 and P9 is replaced, in each case, with a -CH2-NH- bond. 

The invention also relates to the peptide analogues of the parent peptide 
Mart-1 27-35 of melanoma, comprising a bond of the p -homologation type and 
25 corresponding to the following formulae : 

Sequences 



30 MARTI 27-35 

P2 
P3 
P4 

35 ps 

|16 
P7 
P8 
P9 



PI P2 


P3 


P4 


P5 


P6 


P7 


P8 


P9 


H-A A- 


G- 


I- 


G- 




L- 


T- 


V-OH 


H -p-homoA -A 


-G- 


I- 


G- 




L - 


T- 


V-OH 


H -A — p-homoA 


-G- 


I- 


G- 




L - 


T- 


V-OH 


H —A - A -P-homoG - 


I- 


G - 




L- 


T- 


V-OH 


H-A- A- 




G- 




L - 


T- 


V-OH 


H-A- A- 


G- 


I -p-homoG - 




L- 


T - 


V-OH 


H-A- A- 


G- 


I- 


G -K-ho 


mol - 


L- 


T- 


V-OH 


H-A- A- 


G- 


I- 


G- 


I -p-homoL - 


T- 


V-OH 


H-A- A- 


G- 


T - 


G- 




L-| 


1-honioT - 


V-OH 


H-A- A- 


G- 


I- 


G- 




L- 


T -p-homoV -OH 
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These pi to 09 peptide analogues of Mart-1 27-35 correspond to the latter 
peptide in which the -CONH- bond located between the residues PI and P2, P2 and 
P3, P3 and P4, P4 and P5, P5 and P6, P6 and P7, P7 and P8, and P8 and P9, is 
replaced, in each case, with an -CH2-CO-NH- bond. 

The invention also relates to the peptide analogues of the mutated parent 
peptide Mart-1 27-35 Leu 25 *, corresponding to the peptide Mart-1 27-35 in which the 
alanine in position 28 is replaced with leucine, and comprising a bond of the ###- 
homologation type between the same residues as in the case described above for the 
peptide analogues pi to P9. 

The invention is also the peptide analogues of MARTI 27-35 in which at least 
one of the -CO-NH- bonds is replaced with a -CH2-CH2- bond, such as the 
analogues 1 to 8 below (also referred to as carba pseudopeptide analogues of 
MART): 



H 2 N 




Gly-lb-Gly-lie-Leu-Thr-Val-OH 



2 



H-Ala ^ 



N 
H 




lle-Gly-lle-Uu-Thr-Val-OH 



O 



3 



H-AJa-Ala ^ 



N 
H 




Gly-lle-Leu-Thr-Val-OH 



4 




H 
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H-Ai«~Ala-Gly-l!# 



6 H-Ala-Ala-Gly-ile^Gly 




Lw-Thr-VarOH 



Tbr-Val-OH 



10 



H-Ate-Aia-Gly-lle-Gly-lle 




Val-OH 



20 



=* 25 



30 



35 




8 H-Ala-AJa-Gly-IJe-Gly.-lle-Leu, 



More particularly, the invention relates to the peptide analogues of the parent 
peptides of influenza virus, in particular of the parent peptide M58-66, the said 
peptide analogues corresponding to the said parent peptides in which at least one of 
the -CO-NH- peptide bonds is modified, with the exception of modifications of the 
retro or retro-inverso type ; advantageously, the said analogues are chosen from 
those in which at least one of the -CO-NH- bonds is replaced with a -CH2-NH-bond, 
such as the following analogues : 

Sequences 



M58-66 

¥(1-2) 

¥(2-3) 

¥(3-4) 

¥(4-5) 

¥(5-6) 

¥(6-7) 

¥(7-8) 

¥(8-9) 



PI P2 P3 P4 P5 

H- O - L - L - G - F - 
H-G-k(ch 2 nh)L-L - G - F - 



P6 P7 P8 P9 



V 
V 



F- T - L -OH 
F- T - L -OH 



H- G- Lv(CH Jfi »<,L- G - F - V - F- t - L -OH 



H-G 
H-G 
H-G 
H-G 
H-G 
H-G 



" L -Lnc.H 2 NH)G- F - V - F- T - L -OH 
-L - L - G4-(ch 2 nhjF- V - F- T - L -OH 
-L - L- G - F>f(CH 2 NH)V- F- T - L-OH 

- L - L - G - F - Vv(ch 2 n H )F- T - L -OH 

- L - L - G - F V - Fy ( ch2Nh>T - L -OH 
L - L- G - F - v - F-Ttw^-OH 
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These peptide analogues \\f (1-2), W (2-3 )> y (3-4), y (4-5), \y (5-6), y (6-7), 
\|/ (7-8) and \\f (8-9), also referred to as reduced analogues of M58-66, correspond to 
the latter peptide in which the -CO-NH- bond located between the residues PI and 
P2, P2 and P3 S P3 and P4, P4 and P5, P5 and P6, P6 and P7, P7 and P8, and P8 and 
5 P9 is replaced, in each case, with a -CH2-NH- bond. 

The invention also relates to the peptide analogues of parent peptides of the 
AIDS virus, in particular of the peptides NEF 84-92 and GAG 77-85, the said 
peptide analogues corresponding to the said parent peptides in which at least one of 
the -CO-NH- peptide bonds is modified, with the exception of modifications of the 
10 retro or retro-inverso type, the said analogues being chosen in particular from : 

- those in which at least one of the -CO-NH- bonds is replaced with a 
-CH2-NH-, such as the analogues NEFRD1-8 of the peptide NEF, and GAGRD1-8 
of the peptide GAG, below: 







Purity 

>* 


NEF 


AVDLSHFLK 


98% 


NFFRD1 


AWCHtNHWDLSHFLK 


99% 


NEFRD2 


AVT(CH 2 -NH)DLSHFLK 


93% 


NEFRD3 


AVD V F(CH2-NH)LSHFLK 


97% 


NEFRD4 


AVDLT(CH 2 -NH)SHFLK 


98% 


NEFRD5 


AVDLS^CH^-NHJHFLK 


86% 


NEFRD6 


AVDLSHT(CH 2 -NH)FLK 


98% 


NEFRD7 


AVDLSHF¥(CH 2 -NH)LK 


92% 


NEFRD8 


AVDLSHFW(CH 2 -NH)K 


91% 






Purity 


GAG 


SLYNTVATL 


96% 


GAGRD1 


S¥(CH 2 -NH)LYNTVATL 


95% 


GAGRD2 


SL¥(CH 2 -NH)YNTVATL 


95% 


GAGRD3 


SLY»P(CH2-NH)NTVATL 


95% 


GAGRD4 


SLYNT(CH 2 -NH)TVATL 


95% 


GAGRD5 


SLYNT V F(CH 2 -NH)VATL 


95% 


GAGRD6 


. SLYNTV4 / (CH 2 -NH)ATL 


95% 


GAGRD7 


SLYNTVA V F(CH 2 -NH)TL 


95% 


GAGRD8 


SLYKTVAT i F(CH2-NH)L 


95% 



35 

- those in which at least one of the -CO-NH- bonds is replaced with a -CHOH- 
NH- bond, such as the following analogues NEFHEA1-8 of the peptide NEF: 
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Purity 



Mass 



NEF 



AVDLSHFLK. 



NEFHEA1 
NEFHEA2 
NEFHBA3 
NEFHEA4 
NEFHEAS 
NEFHEA6 
NEFHEA7 
NEFHEA8 



AT(CHOH-NH)VDLSHFLK 
AV^(CHOH-NH)DLSHFLK 
AVD^(CHOH-NH)LSHFLK 
AVDL^CHOH-Nr^SHFLK 
AVDLS 4 F(CHOH-NH)HFLK 
AVDLSHV(CHOH-NH)FLK 
AVDLSHF*F(CHOH-NH)LK 
AVDLSHFL¥(CHOH-NH)K 



97% 
97% 



98% 
99% 



83%+15% 



98% 
95% 



1047.19 
1046.77 



1047.97 
1047.08 



1029.00 



1046.50 
1046.56 



Peptide analogues which are preferred in the context of the present invention 
are characterized in that at least one of the amino acids in the peptide chain of the 
parent peptide is substituted with a non-protein-generating amino acid as defined 



Advantageously, the non-protein-generating amino acids used are chosen from 
the following amino acids: 

- the amino acids of D configuration, 

- the cc-amino acids of the general formula : 



- Ri, R2 and R 3 , represent, independently of each other : a hydrogen atom, a 
hydroxyl, an alkyl radical of 1 to 25 carbon atoms, a radical containing an allyl 
group and having from 3 to 25 carbon atoms, a radical containing one or more 
aromatic or non-aromatic rings, in particular an aryl group, and having from 6 to 25 
carbon atoms, and in particular the following groups; -CH3 (methyl), -CH2CH3 
(ethyl), -(CH 2 ) 4 -CH 3 , -CH(CH 3 ) 2 (isopropyl), -C(CH 3 ) 3 (tert-butyl), -<D (phenyl), 
-CH 2 0> (benzyl), -CH 2 O CI (para-chlorobenzyl), -CH 2 -CH 2 * (2-phenylethyl), 
-CH 2 CHCH 2 (alkyl), mcthylfluorenyl, -CH2CONH2 (glycolamide), -CH 2 CON <D 2 
(benzhydrylglycolamide), -CHOH<P, 



above. 




in which : 
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10 



15 



20 



25 



30 



35 



it being understood that one of the two groups R2 and R3 can represent a side chain 
of natural amino acids when either R] or the other of the two groups R2 and R3 do 
not represent a hydrogen atom, 

- where appropriate, Rj, R2* Ccc and N form an aromatic or non-aromatic 
heterocycle of 4 to 8 carbon atoms, which may be substituted, in particular a 
heterocycle of the formula : 



or 




to 

- the p -amino acids of the general formula : 



R 




in which Rj , R2 and R3, independently of each other, represent a side chain of 
a natural amino acid or are as defined above, 
in particular : 

. the (3-homo amino acids of the formula: 

in which Ri and R2 are 35 defined above, or 

. the a-hydroxy p-homo amino acids of the formula : 

o 

H 04+ 



in which Rj and R2 are as defined above, 
- the y-amino acids of Hie general formula: 




H ^3 0 




in which Ri, R2, R3 and R4 represent* independently of each other, a side 
chain of a natural amino acid, or R\ , R2 and R3, are as defined above and R4 has the 
same meaning as that given above for Rj, R2 and R3, 
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in particular the statin derivatives of the formula : 

M 0 
in which and R2 are as defined above. 



Advantageously, the non-protein-generating amino acids used in the context of 
the present invention are chosen from; 




More particularly the invention relates to the peptide analogues of the parent 
peptides of influenza virus, in particular the parent peptide M58-66, the said peptide 
analogues corresponding to the said parent peptides in which at least one of the 
amino acids of the peptide chain is substituted with a non-protein-generating amino 
35 acid, such as the following analogues: 



15 



[Tic62]M58-66 I I 

H-Gly^-He-Leu-Gly-*^ 




N 




[3*Pya62]M58-66 



[2-Tha62]M58-66 




O - o 





Thr-Leu^-OH 




Thr-Lau^-OH 



[D-Phe62]M58-66 <j0^ 

H-Gly^lte^u^/^A^v.^ 



Thr-Leu^-OH 



[Tic64]M58-66 



H-Gly^-lle-Leu-Gly 




Thr-Leu^-OH 



[3-Pya64]M58-66 <f\ jTj) 



Tttr-Ueu M -OH 
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[2-Tha64]M58-66 



tD-Phe64]M58-66 £\ 



r 0 ' 



.Ttif-Leo^-OH 



[Cha62]M58*66 



H-Giy^-lle-Leu-Gly- 



N 
H 




N 




Tl-r^Uu^-OH 



O 



[N-MePhe621M58-66 



H^ly^eUu-Gly^A^W^^X^ 




Thr-Leu^-OH 



lpChPh662JM58-66 



n 




H 




Thr-Leu^-GH 



O 



(Phg62]M58-€6 

H-Gfy^-lle-Leu-Glyv, 





Xhr-Leu*-OH 
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[Cha64]M58-66 

H-Gly^-lte-Leu-GV/v. 




Thr-Leu^-OH 



10 



|ptf-Phe641M58-66 



H-Gly»-l!*Leu-Gly^ H Jl 

R iT i tf 




o 




-Leu^-OH 



15 



[Phg64]M58-66 




O 




Xhf-Leu w -OH 



20 



25 



30 



35 



Advantageously, the abovementioned peptide analogues of the invention 
are selected from those which are capable: 

on the one hand, of being recognized by the molecules of the MHC and of 
associating with these molecule, in particular by carrying out the following method : 

, incubation (in particular for about 2 hours at 25 *C and then for about 
1 2 hours at 4°C) of the peptide analogue in the presence of molecules of the MHC, 
derived from the lysis of human or animal cells, or purified in particular by affinity 
chromatography from human or animal cell lines, on a solid support coated with a 
first antibody, in particular a monoclonal antibody, which specifically recognizes the 
molecules of the MHC in their conformation which is dependent on their binding to 
the said peptide analogue 

. addition to the above solid support of a second antibody which is 
labelled, in particular by means of coupling with a radioactive, enzymatic or 
fluorescent label, the said labelled antibody specifically recognizing either the 
molecules of the MHC in their conformation which is dependent on their binding to 
the peptide analogue, or a molecule which itself binds specifically to the molecules 
of the MHC in their abovementioned conformation, in particular p2-microglobulin 
which specifically recognizes the molecules of the MHC of category 1 ? 
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, detection, after rinsing the solid support, of the possible presence of the 
second labelled antibody which has remained bound to the solid support, thereby 
demonstrating an effect of recognition and association between the molecules of the 
MHC and the peptide analogue studied, 
5 - and, on the other hand, of forming a complex with the said molecules of 

the MHC, the stability of which complex can be evaluated by carrying out a method 
for monitoring over time the binding established between the peptide analogue and 
Lhc molecules of the MIIC, this method advantageously being carrying out according 
to a protocol which is identical to the above method, but in which the step of 
10 incubation of the peptide analogue in the presence of the molecules of the MHC on 
the solid support coated with the said first antibody is carried out (advantageously at 
a temperature of 37°C) for times ranging from a few minutes to several days. 

The peptide analogues of the invention must be recognized by the molecules of 
y the MHC and must associate with these molecules, in particular in the context of 

15 carrying out the recognition test described above. This association can be weak 
D (detectable at peptide analogue concentrations of the order of 10*4 to 10"^ M), 

:jf intermediate (detectable at peptide analogue concentrations of the order of 1 0" 5 to 

fy 10"? M), or strong (detectable at peptide analogue concentrations of the order of 

s i 10-8 to 10~ 9 M). 

20 The peptide analogues recognized by the molecules of MHC in the context of 

Hi the present invention are preferably capable of binding for at least about 30 minutes 

W to the said molecules of the MHC. 

U More particularly, the invention relates to the peptide analogues as described 

O above and characterized in that they are selected from those which are capable : 

25 - of inducing in vitro the appearance and growth of cytotoxic T 

lymphocytes from human or animal cells, in particular from peripheral blood 
mononuclear cells (PBMCs) in the presence of factors required for the growth and 
differentation of the cytotoxic T cells, 

of inducing in vitro cytolysis, by means of cytotoxic T lymphocytes, of 
30 target cells carrying at their surface the peptide analogue associated with the 
molecules of the MHC, the said cytotoxic T lymphocytes advantageously being 
taken from a patient suffering from a pathology in which the parent peptide of the 
peptide analogue studied is involved, 

and of inducing in vitro the secretion of cytokines (or interleukins) by 
35 means of the abovementioned cytotoxic T lymphocytes, in particular IL-2, IL-4 or 
y-interferon, 

the said peptide analogues thus selected being : 



Fax em is par 



84/11/99 12:35 Pq: 5/26 



19 



♦ either receptor agonists (ICR) which recognize the antigen (Le. the 
parent peptide) of the cytotoxic T cells, and are derived from parent peptides which 
themselves behave as agonists or antagonists of the said receptors, 

. or partial agonists of the said receptors, and are derived from parent 
5 peptides which themselves behave as agonists of the said receptors, these partial 
agonists inducing, in particular, the secretion of one or more cytokines other than 
those whose secretion is induced by means of the parent peptides. 

The invention relates more particularly to the peptide analogues as described 
above and characterized in that they are selected from those : 
10 - which are capable of inducing in vitro the appearance and growth of 

cytotoxic T lymphocytes from human or animal cells, in particular from peripheral 
blood mononuclear cells (PBMCs), in the presence of factors required for the growth 
and differentiation of cytotoxic T cells, 

which do not induce in vitro the cytolysis* by means of cytotoxic T 
15 lymphocytes* of target cells carrying at their surface the peptide analogue associated 
with the molecules of the MHC 3 the said cytotoxic T lymphocytes advantageously 
being taken from a patient suffering from a pathology in which the parent peptide of 
the peptide analogue studied is involved, 

which do not induce in vitro the secretion of cytokines (or interleukins) by 
20 means of the abovementioned cytotoxic T lymphocytes, in particular IL-2, IL-4 or 
y-interferon, 

the said peptide analogues thus selected being antagonists of the cytotoxic T 
cell receptors. 

The invention also relates to the use of peptide analogues as defined above for 
25 the preparation of medicinal products, in particular vaccines, intended for preventing 

or treating pathologies in which the parent peptides are agonists or antagonists of 

receptors which recognize the antigen of the cytotoxic T cells, and more particularly 

neurodegenerative pathologies which are infectious (of viral or bacterial origin), 

tumoural, autoimmune and allergic. 
30 Among the tumoural pathologies which can be treated in the context of the 

present invention, mention may be made of melanoma, in particular with the aid of 

the peptide analogues of the peptide MARTI 27-35 which are described above. 

Among the diseases of viral origin which can be prevented or treated in the 

context of the present invention, mention may be made of : 
35 - AIDS brought about by the human immunodeficiency virus H1V1 or HTV2, 

in particular with the aid of peptide analogues of the peptides NEF and GAG which 

are described above, 

- paraplegia associated with HTVL-1, or T-cell leukemia in adults, brought 

about by the human T-cell leukemia virus (HTLV virus), 
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- infections brought about by the syncitial respiratory virus, 

- infections brought about by coxsakie virus, for example acute lymphocytic 
meningitis, 

- infections brought about by the Epstein-Barr virus, for example infectious 
5 mononucleosis, 

- infections brought about by cytomegalovirus, for example cytomegalic 
inclusion disease, 

- herpes brought about by the human herpes virus, 

- herpes brought about by virus 6 of herpes simplex, 

10 - infections brought about by human B19 parvovirus, for example infectious 

gastro-enteritis, 

- hepatitis B brought about by the hepatitis B virus, 

- hepatitis C brought about by the hepatitis C virus, 

- influenza brought about by the influenza virus, in particular with the aid of 
15 peptide analogues of the peptide M58-66 which are described above, 

- German measles brought about by the rubella virus, 

- infections brought about by the Dengue virus, for example arboviruses, 

- colds, rhinitis, and coryza brought about by rhinoviruses, 

- aphtous fever brought about by the aphthous fever virus, 
20 - cervical cancer brought about by the pillomavirus (HP V)* 

Among the main autoimmune diseases which can be treated in the context of 
the present invention, mention may be made of those collated in Table A below* 
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Table A 

Main autoimmune diseases (from top to bottom, autoimmune diseases of 
specific organs to autoimmune diseases not of specific organs). 



Disease Autoantigen involved 



Hashimoto's thyroiditis 
Basedow's disease 
Addison's disease 
Hypophyseal insufficiency 
Bicrmer's gastritis 

Certain sterilities 
Type 1 juvenile diabetes 
Goodpasture's syndrome 

Myasthenia 

Acute articular rheumatism 

Pemphigus 

Bullous pemphigoid 

Herpetiform dermatitis 

Vitiligo 

Pelade 

Psoriasis 

Sympathic ophthalmia 
Uveitis 

Guillain-Barre's syndrome 
Multiple sclerosis 
Haemolytic anaemia 
Idiopathic thrombopaenic 
Purpura 

Idiopathic leukopaenia 
Primitive biliary cirrhosis 
Active chronic hepatitis 
Haemorrhagic rectocolitis 
Crohn's ileitis 

Gougerot-SjSgren's syndrome 



Thyroglobulin, microsomes 
TSH receptor 
Corticoadrenal 

Pituitary 
Parietal cell of 
the stomach 
Intrinsic factor 
Spermatozoa, ovaries 
Islets of Langerhans, insulin 

Glomerular basal 
membrane 

Striated muscle, acetylcholine 
receptor 

Myocardium (streptococci) 
Epidermal intercellular bridges 
Cutaneous basal membrane 
Gliadin, reticulin 
Melanocytes 
Hair follicle 

Uvea 

Anterior chamber of the eye 
Myelin 

Red blood cells 

Platelets 
Granulocytes 
Mitochondria 
Smooth muscle, nuclei 

Colon (22, coli) 
Nuclei: SS-A, SS-B 
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Rheumatoid arthritis 
Dermatopolymyositi s 
Scleroderma 
Mixed connectivity 
Discoid lupus erythematosus 
Disseminated lupus erythematosus 



IgG, nuclei 
Nuclei: Jol, muscles 
Nuclei: Scl-70 
Nuclei: RNP 
Nuclei: 

Nuclei: DNA, Sm antigen 
Clotting factors 
Cardiolipin, etc* 



The invention also relates to any pharmaceutical composition, characterized in 
that it comprises, as active principle, at least one peptide analogue (agonist, which 
may be a partial agonist, or antagonist) as defined above, in combination with a 
pharmaceutical^ acceptable vehicle. 

Advantageously, the pharmaceutical compositions according to the invention 
are in a form which can be administered orally or parenterally, in particular at a rate 
of about 500 \ig to 5 mg at a time, in particular at a rate of 3 times a day. 

More particularly, the invention relates to the pharmaceutical compositions as 
described above, containing, as active principle, at least one antagonist according to 
the invention, and their use in the context of treating autoimmune diseases. 

More particularly, the invention furthermore relates to the pharmaceutical 
compositions as described above, containing, as active principle, at least one partial 
agonist according to the invention, and their use in the context of treating allergic 
diseases. 

The invention also relates to any vaccine, characterized in that it comprises, as 
active principle, at least one peptide analogue, preferably an agonist peptide 
analogue, which may be a partial agonist, as defined above, in combination with a 
pharmaceutical^ acceptable vehicle. 

Advantageously, the vaccines according to the invention are in a form which 
can be administered orally or parenterally, in particular at a rate of about 500 }ig to 
5 mg at a time, in particular at a rate of 3 times a day. 

The invention also relates to any composition intended for in vivo diagnosis of 
abovementioned pathologies involving the immune response to cell mediation, in 
particular the cytotoxic T lymphocytes, or to the in vivo evaluation of the immune 
response in the context of the said pathologies, by carrying out a skin 
hypersensitivity reaction by means of intradermal injection of the said diagnostic 
composition, characterized in that it comprises at least one peptide analogue, 
preferably an agonist peptide analogue, which may be a partial agonist, as defined 
above, in combination with a biologically acceptable vehicle. 
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The invention also relates to the use of peptide analogues as described above 
for the preparation of the said compositions intended for the in vivo diagnosis of the 
abovementioned pathologies. 

The invention also relates to complexes between a peptide analogue as defined 
5 above and a molecule of the major histocompatibility complex (also referred to as 
MHC-peptide analogue binary complexes). 

The immune response involves the recognition of an endogenous or exogenous 
antigen by specialized cells. In order to be recognized, the antigen must first be 
presented in a suitable manner by antigen presenting cells (APCs), Whereas the B 
10 lymphocytes recognize epitopes borne by the unmodified intact antigens, the 
presentation of the antigen to the T lymphocytes is more complex since the antigen 
is first internalized by the presenting cell, proteolysed and then possibly re-expresscd 
at its surface in the form of peptide fragments in association with the proteins of the 
major histocompatibility complex (MHC). The T lymphocyte, which does not 
15 recognize the native antigen, recognizes a peptide fragment associated with an MHC 
molecule. 

These MHC molecules belong essentially to two categories: I and II. 
The molecules of category I are transmembrane glycoproteins consisting of a 
heavy polymorphic a chain associated non-covalently with a light non-glycosylated 

20 p2m chain. Their crystallographic structure has been resolved (Bjorkman et al. 
(1987), Nature, 329: 506-512), and shows the presence of a channel forming the 
presentation site of the peptide, the base of which is composed of eight p sheets and 
the edges are composed of two a helices. These molecules are presented at the 
surface of virtually all cells, 

25 The molecules of category II are also membrane glycoproteins consisting of 

two polymorphic chains ot et p which are non-covalently linked to form, as shown in 
the crystallographic structure recently elucidated (Brown et al. (1993), Nature, 364: 
33-39), a p-pleated platform supporting two a helices. The channel formed is the 
presentation site of the peptide. These molecules are expressed only at the surface of 

30 certain cells, including macrophages and B cells. 

The cytotoxic T lymphocytes (cells possessing CD8 labels) recognize 
proteolytic fragments of viral proteins associated with the MHC molecules of 
category I and bring about the lysis of cells bearing the antigen. 

The helper T lymphocytes (cells bearing CD4 labels) recognize fragments of 

35 exogenous proteins captured by endocytosis which are presented in association with 
the MHC molecules of category II and induce the cellular stimulation of the immune 
response. 
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The invention also relates to complexes between a peptide analogue according 
to the invention and a T cell receptor (which are also referred to as T receptor- 
peptide analogue complexes). 

The invention is also directed towards complexes between a molecule of the 
5 major histocompatibility complex, a peptide analogue as defined above and a T ceil 
receptor (which is also referred to as an MHC-peptide analogue-T receptor ternary 
complex). 

The invention also relates to the use of peptide analogues as defined above, for 
carrying out a method for the in vitro diagnosis of the pathologies mentioned above. 

10 More particularly, the invention relates to any method for the in vitro diagnosis 

of pathologies involving the immune response to cell mediation, in particular the 
cytotoxic T lymphocytes, i.e. pathologies associated with the presence, in a patient's 
body, of exogenous or endogenous peptides which can interact with molecules of the 
MHC, and which are liable to be directly or indirectly involved in the process of 

15 development of these pathologies in man or animals, characterized in that it 
comprises: 

- placing a biological sample obtained from a patient, in particular the blood or 
any biological sample liable to contain lymphocytes, in contact with a peptide 
analogue as defined above, under conditions which allow reaction between the 

20 receptors of the T cells liable to be present in the biological sample, and the 
abovementioned binary complex formed between the said peptide analogue and the 
molecules of the MHC present in the said sample; 

- the in vitro detection of the MHC-peptide analogue-T receptor ternary 
complex which may be formed in the preceding step. 

25 The abovementioned diagnostic methods of the invention are advantageously 

carried out in the following way: 

- incubation of the said biological sample with peptide analogues according to 
the invention, the said peptide analogues being bound to a solid support, in particular 
to the inside of the wells of microtitration plates of the type usually used for carrying 

30 out detection or assay techniques which are well known under the name ELISA 
(Enzyme Linked Immuno Sorbent Assay), 

- rinsing of the solid support, 

- incubation of the components which have remained bound to the solid 
support after the preceding rinsing step, with a medium containing antibodies, in 

35 particular antibodies raised against the ternary complex according to the invention, 
which are labelled (in particular by radioactive, enzymatic or fluorescent means) or 
which are capable of being recognized in turn by a labelled reagent, 

- rinsing of the solid support, 
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~ detection of the labelled antibodies which have respectively remained bound 
to the ternary complexes during the preceding incubation step, 

A subject of the invention i$ also equipment or kits for carrying out the 
methods of in vitro diagnosis as described above, comprising: 
5 - a peptide analogue as defined above; 

- reagents for making a medium suitable for forming an immunological 
reaction; 

- reagents for detecting the ternary complex according to the invention, which 
has been produced after the immunological reaction, the said reagents optionally 

10 containing a label or being capable of being recognized in turn by a labelled reagent, 
more particularly in the case in which the peptide analogue is not labelled. 

The invention also relates to antibodies directed against the MHC-peptide 
analogue binary complexes as defined above, the said antibodies being as obtained 
by immunizing an animal with at least one of the abovementioned complexes, the 
15 said antibodies being capable of forming a complex with these binary complexes. 

The antibodies according to the invention are monoclonal or polyclonal 
antibodies, 

The abovementioned polyclonal antibodies are obtained by immunizing an 
animal with at least one MHC-peptide analogue complex according to the invention, 

20 followed by recovery of the desired antibodies in purified form, by taking the serum 
of the said animal and separating out the antibodies from the other constituents of 
the serum, in particular by affinity chromatography on a column onto which is 
bound an antigen which is specifically recognized by the antibodies, in particular an 
MHC-peptide analogue complex according to the invention. 

25 The monoclonal antibodies according to the invention can be obtained by the 

hybridoma technique, the general principle of which is recalled below. 

In a first stage, an animal, generally a mouse (or cells under culture in the 
context of in vitro immunizations), is immunized with an MHC-peptide analogue 
complex according to the invention, the B lymphocytes of which are then capable of 

JO producing antibodies against the said complex. These antibody-producing 
lymphocytes are then fused with (in particular mouse) "immortal" myeloma cells to 
give rise to hybridomas. Using the heterogeneous mixture of cells thus obtained, a 
selection is then made of cells capable of producing a particular antibody and of 
multiplying indefinitely. Each hybridoma is multiplied in the form of a clone, each 

(5 leading to the production of a monoclonal antibody whose properties of recognition 
with respect to the MHC-peptide analogue complex of the invention may be tested 
by ELISA, for example, by one- or two-dimensional immunotransfer, by 
immunofluorescence, or with the aid of a biosensor. The monoclonal antibodies thus 
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selected arc then purified, in particular according to the affinity chromatography 
technique described above. 

The antibodies according to the invention are more particularly characterized 
in that they are capable of forming a complex with MHC-peptide analogue 
5 complexes and/or with complexes of MHC-parent peptide or protein correspondant 
to the said peptide analogues. 

Advantageously, the antibodies raised against the MHC-peptide analogue 
complexes of the invention recognize the abovementioned complexes of MHC- 
parent peptide or protein, with an affinity which is at least equal to that presented by 
10 the anti(MHC-parent peptide or protein complex) antibodies with respect to the 
MHC-parent peptide or protein complexes. 

The affinity which is concerned above can be measured by means of the 
affinity constant at equilibrium, Ka, of the complexes involving one of the 
abovementioned antibodies with one of the abovementioned complexes, 
15 The invention also relates to any pharmaceutical composition, characterized in 

that it comprises antibodies as defined above, in combination with a physiologically 
acceptable vehicle, as well as their use in the context of treating the abovementioned 
pathologies. 

The invention also relates to the process for screening peptide analogues as 

20 defined above, characterized in that it comprises the following steps : 

. incubation (in particular at a temperature of 37 C C), for times ranging 
from a few minutes to several days, of the peptide analogue in the presence of 
molecules of the MHC, derived from the lysis of human or animal cells, or purified 
in particular by affinity chromatography from human or animal cell lines, on a solid 

25 support coated with a first antibody, in particular a monoclonal antibody, which 
specifically recognizes the molecules of the MHC in their conformation which is 
dependent on their binding to the said peptide, 

addition to the preceding solid support of a second antibody which is 
labelled, in particular by means of coupling with a radioactive, enzymatic or 

30 fluorescent label, the said labelled antibody specifically recognizing either the 
molecules of the MHC in their conformation which is dependent on their binding to 
the peptide analogue, or a molecule which itself binds specifically to the molecules 
of the MHC in their abovementioned conformation, in particular p2-microglobulin 
which specifically recognizes the molecules of the MHC of category I, 

35 ■ detection, after rinsing the solid support, of the possible presence of the 

second labelled antibody which has remained bound to the solid support, 

. evaluation of the duration of the association between the said peptide 
analogue and the molecules of the MHC. 
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The invention also relates to any set or kit for carrying out a process for 
screening peptide analogues as defined above, comprising: 

- molecules of the MHC, and/or 

- antibodies which specifically recognize the molecules of the MHC in their 
5 conformation which is dependent on their binding to the said peptide analogue, 

which antibodies are advantageously bound to a solid support, or are supplied with 
the reagents required for binding them to the solid support, and/or 

- antibodies which arc labelled* in particular by means of coupling with a 
radioactive, enzymatic or fluorescent label, these antibodies specifically recognizing 

10 either the molecules of the MHC in their conformation which is dependent on their 
binding to the peptide analogue, or a molecule which itself binds specifically to the 
molecules of the MHC in their abovementioned conformation, in particular p2« 
microglobulin which specifically recognizes the molecules of the MHC of category 
I, and/or 

15 -a protocol for carrying out the said process, and/or 

- a control peptide. 

The invention will be further illustrated with the aid of the following examples 
of the production and study of the peptide analogues as described above, 

20 I- Synthesis of the peptide analogues of the invention : 

A) General features : 

By way of illustration, the liquid-phase synthesis method consists in 
25 successively condensing the aminoacyls two by two in the required order, or in 
condensing aminoacyls and fragments which have been formed beforehand and 
which already contain several aminoacyls in the appropriate order, or alternatively 
several fragments thus prepared beforehand, it being understood that care will have 
been taken to protect beforehand all the reactive functions borne by these aminoacyls 
30 or fragments, with the exception of the amine functions of one and carboxyl of the 
other or vice-versa, which should normally be involved in the formation of the 
peptide bonds, in particular after activation of the carboxyl function, according to the 
methods which are well known in peptide synthesis. 

It will be possible, for example, to use protecting groups of urethane type 
35 (Boc 4 Fmoc benzyloxycarbonyl or allyloxycarbonyl) to protect the N-terminal ends 
of the amino acids, and groups of ester type (methyl, ethyl, benzyl, tert-butyl, allyl or 
alternatively benzhydrylglycolamide) to protect the C-terminal ends of the amino 
acids. 
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Such a synthesis can be carried out by first condensing the aminoacyl residue 
AA1, whose COOH fonction is protected, with the aminoacyl residue AA2 whose 
NH 2 function is protected* The amine function of the residue AA2 in the fragment 
AA2-AA1 thus obtained is then deprotected, in order subsequently to condense the 
5 said fragment with the aminoacyl residue AA3 whose amine function is protected. 
The preceding steps are repeated as many times as there are aminoacyl residues to be 
introduced into the chain of the retro analogues to be synthesized. 

According to another preferred method of the invention, use is made of the 
technique described by R.D. Merrifieldin the article entitled "Solid phase peptide 
10 synthesis" (J. Am. Chem. Soc. (1963), 85, 2149-2154). 

In order to manufacture a peptide chain according to the Merrifield process, 
use is made of a highly porous polymer resin, onto which is bound the first 
C-terminal amino acid (in this instance AA1-OH) of the chain. This amino acid is 
bound to the resin via its carboxyl group and its amine function is protected, for 
15 example with the t-butoxycarbonyl group. 

When the first C-terminal amino acid is thus bound to the resin, the protecting 
group is removed from the amine function by washing the resin with an acid 

The amino acids which will make up the peptide chain arc thus bound, one 
after the other, to the amino group each time the portion of the peptide chain which 
20 is already formed, and which is attached to the resin, undergoes preliminary 
deprotection, 

When all of the desired peptide chain is formed, the protecting groups arc 
removed from the various amino acids constituting the peptide chain and the peptide 
is detached from the resin, for example using hydrofluoric acid. 

25 

B) Particular case of the peptide analogues of the invention : 

One or more of the synthesis steps described above can be interrupted in order 
to insert a bond other than the -CO-NH- bond between certain aminoacyl residues, 
and Vor one or more non-protein-generating amino acids. 

30 

BX) Synthesis of peptide analogues containing modified peptide bonds : 

The notation y (Spatola & Darlak, 1988) is generally used to denote the 
pseudopeptide bond which is replacing the amide bond (CONH). Among the 
35 modifications most frequently encountered, mention may be made, for example, of 
the following, the syntheses of which are detailed in the bibliographic references 
given: the methyleneamino (reduced) bond y[CH2NH] (Szelke et a/., 1982 ; 
Martinez et al> 1985 ; Sasaki & Coy, 1987) ; retro-inverso bond y[NHCO] 
(Shemyakin et aL 9 1969 ; Goodman & Chorev, 1979 ; Cborev & Goodman, 1993); 
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olefin bond \j/[CH=CH] (Hann et a/., 1982 ; Kempf et al y 1991 ; Bohnstedt et at, 
1993) ; carba bond \j4CH2CH2] (Rodriguez et al, 1990a, 1990b) ; methyleneoxy 
(ether) bond H>[CH20] (TenBrink, 1986 ; Breton et al % 1990) ; ketomethylene 
bond v|/[COCH2] (Harbeson & Rich, 1989 ; Gonzalez-Muniz et at, 1995), 
5 hydroxyethylene bond \j/[CH(OH)CH2] (Evans et al, 1985 ; Wuts et al. 9 1992). 

1) Synthesis of the reduced pseudopeptldes corresponding to the 
sequences of MART and of the matrix peptide M58-66 : 

to The contribution of the amine function of each peptide bond of the antigen 

Mart-1 27-35 (AAGIGILTV) of the protein Mart-1 du melanoma and of the 
antigen M58-66 (GLLGFVFTL) of the matrix protein of influenza virus was 
evaluated as regards the interactions of these antigens with their receptors: the 
molecule of category I of the MHC HLA-A2 and TCR. 

15 



20 




peptide bond reduced bond 



25 Scheme 1 : Schematic representation of the peptide bonds and reduced bonds. 

The reduced bond, or methyleneamino bond, has the particular feature of 
being more flexible than the peptide bond on account of a free rotation of the 
carbon-carbon bond (scheme 1), The introduction of a reduced bond can locally 
modify the orientation of the amino acid side chains. The reduced bond can exist in 

30 its protonated form at physiological pHL The changes brought about by the 
presence of a reduced bond, i.e. the change in the structure and the change in the 
hydrophilic nature of the parent peptide, can have implications in the phenomena 
of binding and recognition of the antigen, 

The synthesis of each reduced peptide chain was performed in solid phase 

35 and by standard Fmoc chemistry. The reduced bond is obtained by condensing an 
N-protected a-amino aldehyde with the ot-amino acid immobilized on the resin. 
The imine form is reduced in situ with sodium cyanoborohydride to give the 
reduced bond according to the method described by Sasaki and Coy in 1987 
(scheme 2). 



Fax em is par 



B4/11/99 12:35 P<*: 16/26 



30 



H 2 N«aw peptide resin — PG JL R 



NaBH3CN N 
DMF, 1% AcOH 




Peptide resin 



Scheme 2: Incorporation of the reduced bond in solid phase. PG: Fmoc 
10 protecting group. 

The a-amino aldehyde is synthesized by the method of Fehrentz and 

Castro, 1983. This method allows the rapid production, without racemization, of 
the N-protected a-amino aldehyde from the N f O-dimethylhydroxamate of the 
corresponding N-protected amino acid (scheme 3)* 



15 




° HCl,NH(CH3)OCH3 9 

BOP, D1EA, DMF H » UAIH4 H 




20 



PG OH ^ PG N(CH 3 }OCH 3 ^ PG H 

R, R t THF ^ 



Scheme 3; Synthesis of N-protected a-amino aldehydes by the method of 
25 Fehrentz and Castro. PG: Fmoc protecting group. 

The following amino acids of the sequence of the reduced peptide are 
coupled in a conventional manner. After synthesis, the reduced peptide is 
dcprotected and detached from the resin with trifluoroacetic acid (TFA). Each 
reduced peptide is purified by reverse-phase high pressure liquid chromatography 
30 (RP-HPLC). The mass of each peptide is controlled by matrix assisted laser 
desorption (MALDI) with the aid of a Bruker Protein TOF spectrometer. 

The retention times (Tr) on an RP-HPLC C18 column in a gradient of from 5 
to 65 % B over 30 min (with A= water containing 0. 1 % TFA and B= acetonitrile 
(ACN) containing 0*08% TFA) and the masses of the various peptides are given in 
35 Tables 1 et 2. 
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Table 1: Sequences and characteristics of the reduced peptide analogues of 
Mart-1 27-35 

Sequences 

5 PI P2 P3 P4 P5 P6 P7 P8 P9 Tr mass 

MARTI 27-35 H- A -A - G - I - G - I - L- T - V -OH 12.74 814.4 

¥(1-2) H-A¥(CH2NH)A-G - I - G - I - L- T - V -OH 12.53 802.7 

¥(2-3) H- A- A¥ (CH2NH)G- I - G - 1 - L - T - V -OH 12.58 802.9 

10 ¥(3-4) H-A - A-G*P(CH2NH)I- G - I - L- T - V -OH 11.85 801.6 

¥(4-5) H-A -A - G - PP(CH2NH)G- I - L- T - V -OH 12.03 801.5 

¥(5-6) H-A -A - G - I - G¥(CH2NH)I- L- T - V -OH 11.29 801.4 

¥(6-7) H-A - A - G - I - G - I¥(CH2NH)L- T - V -OH 12.00 800.4 

¥(7-8) H-A -A - G - I - G - I - L¥(CH2NH)T-V -OH 12.77 801.5 

15 ¥(8-9) H-A -A - G- 1- G - I - L- T¥(CH2NH)V-OH 12.46 801.3 

Table 2: Sequences and characteristics of the reduced peptide analogues of 
M58-66 

Sequences 

20 PI P2 P3 P4 PS P6 P7 P8 P9 Tr mass 

M58-66 H-G -L - L- G-F - V - F- T - L -OH 12.35* 968,0 

¥(1-2) H-G¥(CH2NH)L-L - G-F - V - F- T - L -OH 10.67*956.2 

¥(2-3) H- G- L¥(CH2NH)L- G-F - V - F- T - L -OH 11.18*957.1 

25 ¥(3-4) H-G - L -L¥(CH2NH)G- F - V - F- T - L -OH 16.01 957.3 

¥(4-5) H-G - L - L - G¥(CH2NH)F- V - F - T - L -OH 15.61 954.3 

¥(5-6) H-G -L - L - G - F¥(CH2NH)V- F - T -L-OH 10-80*955.8 

¥(6-7) H-G -L - L- G- F -V¥(CH2NH)F- T - L-OH 11.85*953.2 

¥(7-8) H-G -L - L- G-F - V - F¥(CH2NH)T - L -OH 13.05*954.7 

30 ¥(8-9) H-G -L - L- G-F - V - F - T¥(CH2NH)L-OH 11.21*957.3 

Retention time in the gradient of from 20 to 80% B over 30 min (with A= 
water containing 0.1% TFA and B= ACN containing 0.08% TFA). 
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2) Synthesis of the 3 analogues of the parent MART peptide and of the 

mutated (Leu 28 ) MART peptide : 

The p analogues are obtained by coupling p-homo amino acids in place of 

the natural amino acids. 

5 



10 




aminoacid P-homo amino acid 

15 

Scheme 4: Schematic representation of an amino acid and of a P-homo amino 

acid 

The P-homo amino acid is an amino acid in which a methylene group has 
been inserted between the a carbon and the carboxyl. The configuration of the Cot 

20 is unchanged (scheme 4), The incorporation of a p-homo amino acid in place of an 
amino acid in a peptide sequence has the consequence of lengthening the peptide 
chain of the resulting peptide analogues. These longer peptide analogues can be 
made to twist and brace themselves to penetrate into the binding pocket of the 
molecule of category I of the MHC, In this case, certain side chains can be 

25 displaced laterally or can have their orientation modified* which can result in 
preferential interactions with the molecule of category I of the MHC and/or TCR* 

The p-homo amino acids are obtained by chemical synthesis in several steps 
starting with the corresponding N-protected amino acids, according to the scheme 
below (scheme 5). 

30 The amino acid protected on its amine function with a Boc group is t in a first 

stage, activated by means of the mixed anhydride method. The activated amino 
acid reacts with diazomethane to give the diazomethyl ketone 2. The Wolff 
rearrangement of this diazomethyl ketone in methanol, in the presence of silver 
benzoate and triethylamine, gives the p-homo methyl ester of the amino acid 

35 protected with the Boc group. A saponification gives die compound 3. 
Deprotection of the Boc, followed by reprotection of the amine function with the 
Fmoc are the final steps for obtaining the P-homo amino acid protected with Fmoc. 
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Compound 4 is introduced by means of the conventional methods for 
coupling amino acids in the course of solid-phase synthesis in the Fmoc strategy. 
In practice, 5 equivalents of the mixture (4/BOP/HOBt) are coupled for 20 min in 
DMF. The Fmoc group is deprotected with 50% piperidine in DMF and the 
synthesis is continued conventionally. See the preceding paragraph for the 
detachment and deprotection of the peptide, as well as for the purification and 
characterization of the peptides. 

1) N-mdthylmorphoJLne 



BogHN 




OH 



chloroformiite 

d'isobuiylc 



BocHN 




4 

R 



Z) CHJN2 



1) C6H5COOAj 
Ei3N 
MeOH 

2) N»OH 



FmocHN 




OH 



1)TFA 

I) FmocOSu 



BOCHN 




Scheme 5: Scheme of synthesis of Fmoc-p-homo amino acids 
Tables 3 and 4 give the retention times on RP-HPLC of the ### peptides on a 
C18 column (gradient of from 5 to 65% B over 30 min with A= water containing 
0. 1 % TFA and B= ACN containing 0.08% TFA) as well as their mass analysis by 
MALD1. 



Table 3: Sequences and characteristics of the P peptide analogues of Mart-1 



27-35 



30 

MARTI 27-35 

PI 
P2 
P3 
35 p4 

ps 

P6 
P7 

P8 
40 P9 



Sequences 

PI P2 P3 P4 P5 P6 P7 P8 P9 

H-A -A - G- I - G - I - L- T - V -OH 
H-p-homoA-A- G - I - G - I - L - T - V -OH 
H-A-p-homoA-G- I - G - I - L - T - V -OH 
H-A - A-p-homoG-I- Q - I - L- T - V -OH 
H-A - A - G -p-homoI-G - I - L - T V OH 
H-A -A - G- I -p-homoG-I - L- T - V -OH 
H-A - A - G - I - G -p-homoI-L - T - V -OH 
H-A - A - G - I - G - I -0-homoL-T - V -OH 
H-A -A - G- I - G - I - L-P-humoT-V -OH 
H-A -A - G- I - G - I - L-T -p-homoV-OH 



Rt 

12.74 
12.62 
12.50 
12.48 
12.50 
12.50 
12.64 
12.10 
11.92 
12.68 



mass 

814.4 

868.9* 

829.9 

828.9 

829.5 

828.9 

829.0 

828.9 

829.1 

8292 



* corresponds to M+K + 
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Table 4: Sequences and characteristics of the Leu 28 -mutated p peptide 
analogues of Mart-1 27-35 





Sequences 


Rt 




5 


PI P2 P3 P4 P5 P6 P7 P8 P9 


mass 


Mart-1 27-35Lcu 28 H-A -L - G- I - G - I - L- T - V -OH 


14.20 


857.0 


bl 


H-b-homoA-L- G- I - G - I - L - T - V -OH 


14.47 


871.2 


b2 


H-A-b-homoL-G- I - G - I - L- T - V -OH 


14.16 


870.9 


10 b3 


H-A - L-b-homoG-I- G - I - L- T - V -OH 


14.07 


871.0 


b4 


H-A - L - G -b-homoI-G - I - L - T - V -OH 


14,20 


871.4 


bS 


H-A -L - G - I -b-bomoG-I - L- T - V -OH 


14.14 


871.3 


b6 


H-A - L - G- I - G -b-homoI-L - T - V -OH 


14.05 


871.7 


b7 


H-A - L - G - I - G - I -b-homoL-T - V -OH 


13.78 


871-3 


15 b8 


H-A -L - G- I - G - I - L -b-homoT-V -OH 


13.56 


871.5 


b9 


H-A -L - G- I - G - I - L-T -b-homoV-OH 


14.14 


871.4 



3) Synthesis of the peptide [ne30^(CH2CH2)Gly3l] Mart-1 27-35 
This analogue corresponds to the introduction of a carba bond in place of the 
peptide bond between the residues He 30 and Gly 31 of the antigen Mart-1 27-35, 



O 



25 




30 

peptide bond carba bond 



Scheme 6: Schematic representation of peptide bonds and carba bonds 
35 The carba bond gives the pseudopeptidc a certain amount of flexibility* on 

account of the free rotations around the carbon-carbon bonds. These free rotations 
can result in changes in the orientation of the side chains (borne by the carbons Ca 
and Ca+i, see scheme 6) of the two amino acids located on either side of the 
carba bond. These changes in the orientation of the side chains can have many 
40 implications in the phenomena of binding, recognition and induction of various 
signals relative to those generated with the parent peptide. 
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The synthon Fmoc-Iley(CH2CH2)Gly-OH (4 in Figure 7) is necessary for 
the synthesis of the analogue [Ile 30 i}/(CH2CH2)Gly 31 ] Mart-1 27-35. This synthon 
is obtained by chemical synthesis in several steps {scheme 7). 

The dimethylhydroxamate of Boc-p-homoIle-OH (1) (see the preceding 

5 paragraph for the synthesis of the (3-homo amino acids) is reduced with lithium 
aluminium hydride at low temperature (-25 °C) in tetrahydrofuran in order to give 
the corresponding aldehyde (2), The Horner-Emmons reaction in the presence of 
triethyi phosphonoacetate gives the ethylenic dipeptide 3. Hydrogenation of the 
double bond, saponification of the ester, and deprotection and reprotection of the 

10 amine function with the Fmoc group allow the Fmoc-Ile i|/(CH2CH2)Gly-OH (4) 
to be obtained. 



BOCHN 



20 




" NaH 

1)H2, Pd/C 



FmocHN 



30 




35 Scheme 7: Scheme of synthesis of Fmoc-Ile 30 H/(CH2CH2)Gly3 i-OH (4) 

This synthon (4) is incorporated in the solid phase in Fmoc chemistry. 
Coupling of 5 equivalents of the mixture (synthon/BOP/HOBt) is carried out twice 
in succession (20 min each time) in DMF. The Fmoc group is deprotected with 
50% piperidine in DMF, The following amino acids are coupled conventionally* 
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The peptide is deprotected and detached from the resin in TFA, precipitated in 
ether and purified by RP-HPLC. 

The pseudopeptide pie3°\|/(CH2CH2)Gly 31 ] Mart-1 27-35 is obtained in a 
purity of 100%. Its retention time in a gradient of from 5 to 65% B (with A = 
5 water containing 0,1% TFA and B=ACN containing 0.08% TFA is 13.49 min. 
Analysis of the mass of the pseudopeptide by MALDI with the aid of a Broker 
Protein TOF spectrometer gives the expected mass M+H+ 800,0, 

4) Synthesis of the carta pseudopeptide analogues 1 to 8 of MARTI 27-35 

10 

The synthesis of these peptides is carried out according to the procedure 
described in Rodriguez et aL, Tetrahedron Letters, 1990, 31, 7319-7322. 

The Mart-1 27-35 carba pseudopeptide 1 is obtained in a purity of 90%, Its 
retention time in a gradient of from 5 to 65% B (with the eluent : A = water 
15 containing 0.1% TFA and B - acetonitrile (ACN) containing 0,08% TFA) is 
12.98/13. 10 min. The analysis of the mass of the pseudopeptide by MALDI using 
a Broker Protein TOF spectrometer gives the expected mass M+H+ 799.1. 

The Mart-1 27-35 carba pseudopeptide 2 is obtained in a purity of 98%, Its 
retention time in a gradient of from 5 to 65% B (with the eluent : A = water 
20 containing 0.1% TFA and B — acetonitrile (ACN) containing 0.08% TFA) is 
12,90 min. The analysis of the mass of the pseudopeptide by MALDI using a 
Bruker Protein TOF spectrometer gives the expected mass M+H+ 799. 16, 

The Mart-1 27-35 carba pseudopeptide 3 is obtained in a purity of 96% (3a), 
95% (3b). Its retention time in a gradient of from 5 to 65 % B (with the eluent ; A 
25 = water containing 0.1% TFA and B = acetonitrile (ACN) containing 0.08% 
TFA) is 13.07 (3a), 13,54 (3b) min. The analysis of the mass of the pseudopeptide 
by MALDI using a Bruker Protein TOF spectrometer gives the expected mass 
M+H+ 799.13. 

The Mart-1 27-35 carba pseudopeptide 4 is obtained in a purity of 100% . Its 
30 retention time in a gradient of from 5 to 65% B (with the eluent ; A = water 
containing 0,1% TFA and B = acetonitrile (ACN) containing 0.08% TFA) is 
13.49 min. The analysis of the mass of the pseudopeptide by MALDI using a 
Bruker Protein TOF spectrometer gives the expected mass M+H+ 800,03. 

The MarM 27-35 carba pseudopeptide 5 is obtained in a purity of 99.7% 
35 (5a), 96% (5b). Its retention time in a gradient of from 5 to 65% B (with the 
eluent : A = water containing 0.1% TFA and B = acetonitrile (ACN) containing 
0,08% TFA) is 12.72 (5a) ? 14.16 (5b) min. The analysis of the mass of the 
pseudopeptide by MALDI using a Broker Protein TOF spectrometer gives the 
expected mass M + H + 799. 1 . 
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The Mart-1 27-35 carba pseudopeptide 6 is obtained in a purity of 86% (6a), 
90% (6b). Its retention time in a gradient of from 5 to 65% B (with the eluent : A 
- water containing 0.1% TFA and B = acetonitrile (ACN) containing 0.08% 
TFA) is 13.25 (6a), 13.72 (6b) min. The analysis of the mass of the pseudopeptide 
5 by MALDI using a Broker Protein TOF spectrometer gives the expected mass 
M+H+ 799.16. 

The Mart-1 27 carba pseudopeptide 7 has a retention time in a gradient of 
from 5 to 65% B (with the eluent : A - water containing 0.1% TFA and B = 
acetonitrile (ACN) containing 0.08% TFA) of 10,20 (7a), 13.61 (7b) min. 
io The Mart-1 27-35 carba pseudopeptide 8 is obtained in a purity of 99%. Its 

retention time in a gradient of from 5 to 65% B (with the eluent : A = water 
containing 0.1% TFA and B = acetonitrile (ACN) containing 0.08% TFA) is 
15.24/15.29 min. The analysis of the mass of the pseudopeptide by MALDI using 
a Broker Protein TOF spectrometer gives the expected mass M+H + 798. 

B.2.) Synthesis of peptide analogues comprising non-protein-generating 
amino acids : 

Synthesis of the peptide analogue [Tic62] M58-66 

Tetrahydroisoquinoline-3-carboxylic acid is a constrained analogue of 
20 phenylalanine. It was introduced into position 62 in the sequence of the influenza 
matrix peptide in place of the natural phenylalanine in order to study the 
importance of the orientation of the phenyl group in the interaction with the MHC 
molecule and TCR. 

The peptide analogue was synthesized by standard Fmoc chemistry. The 
25 derivative Fmoc-L-Tic-OH (sold by the company N6osystem) was introduced into 
the growing chain using a conventional coupling process (BOP/HOBt/Fmoc-L-Tic- 
OH) in a five-fold excess for 20 min in DMF* The deprotection of the Fmoc group 
was carried out in several steps with 50% piperidine in DMF (4 treatments of 30 
min each, separated by 3 washes of the resin with DMF). Assembly of the 
30 following amino acids posed no particular problems. After standard deprotection 
with TFA and HPLC purification, the peptide was obtained in a purity of 90%, . 
The mass measured using a Broker Protein TOF spectrometer was the expected 
mass M+H+ 978,9. 

The synthesis of the peptide analogue [Tic64]M58-66 is carried out in the 
35 same way as previously, introducing tetrahydroisoquinoline-3-carboxylic acid in 
place of the phenylalanine in position 64. 
Still according to the same protocol : 

. the analogues 3-Pya62 and 3-Pya64 of M58-66 were obtained by 
introducing the amino acid of the formula 
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in place of the phenylalanine in positions 62 and 64, respectively ; 

the analogues 2-Tha62 and 2-Tha64 of M58-66 were obtained by 
introducing the amino acid, of the formula -j| 

in place of the phenylalanine in positions 62 and 64, respectively ; 

. the analogues D-Phe62 and D-Phe64 of M58-66 were obtained by 
introducing D-phenylalanine in place of the phenylalanine in positions 62 and 64, 
respectively ; 

. the analogues Cha62 and Cha64 of M58-66 were obtained by introducing 
the amino acid of the formula 

( J 




in place of the phenylalanine in positions 62 and 64> respectively ; 

, the analogue N-MePhe62 of M58-66 was obtained by introducing the amino 
acid of the formula X"i>- 




in place of the phenytdanine in position 62 ; 

the analogues pCl-Phe62 and pCl-Phe64 of M58-66 were obtained by 
introducing the amino acid of the formula - — "^v^ C£ 
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in place of the phenylalanine in positions 62 and 64, respectively ; 

. the analogues Phg62 and Phg64 of M58-66 were obtained by introducing 
the amino acid of the formula 



5 




10 

in place of the phenylalanine in positions 62 and 64, respectively. 

II- Study of the biological properties of the peptide analogues 
synthesized: 
15 A) Methodology : 

1) Detection of the association between the peptides and the 
histocompatibility molecules 

1-1- Equipment 

Sources of histocompatibility molecules 
20 They are currently of two main types : mutant cells and purified 

histocompatibility molecules, 

- The mutant cell used is the human T2 cell (DeMars et at. , 1985; Ljunggren 
& Karre, 1985 ; Salter & Cresswell, 1986) which is a variant of the Tl line 
produced by fusion of the CEM T lymphoma and of the B lymphoma 721,174. 

25 This cell, which lacks peptide carriers, contains heavy chains of molecules of 
category I free of peptides which will accept exogenous peptides* 

- Histocompatibility molecules of category I purified by affinity 
chromatography from human B cell lines transformed with EBV can also be used, 
In this case, the endogenous peptides must be removed by means of a treatment 

30 with 1.5 M urea and 12.5 mM sodium hydroxide (pH 11.7) for 1 h at 4°C 5 
followed by removing them by means of a desalination column (PD10, 
Pharmacia). The histocompatibility molecules are immediately put back in the 
presence of the peptides to be tested in a PBS buffer with 0.05 % Tween 20, 2 mM 
EDTA, 0.1% NP40 and 6 mM CHAPS, in the presence of 2 pgfml B2m to 

35 facilitate the reassociation (Gnjatic et al. 1 1995). 
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Peptides 

The peptides tested are used at concentrations ranging from 100 /*M to 
0.1 nM. 

s 1,2, Assembly protocol 

Aliquots of 8 x 10^ T2 cells in a volume of 64 distributed in Eppendorf 
microfuge tubes, are placed in the presence of a lysis buffer containing 10 mM 
PBS, pH 7,5, 1% NP40, protease inhibitors (1 mM PMSF, 100 M M 
iodoacetamide, 2 ftg/ml aprotinin, 10 f*M leupeptin, 10 pepstatin and 10 /-tg/ml 

10 trypsin inhibitor), The lysis is carried out in the presence of the peptides to be 
tested for 30 min or 1 h at 37 °C. After elimination of the undissolved material by 
centrifugation at 15 000 rpm at 4°C, 140 pi of PBS containing 0,05% of Tween 
20, 3 mM of sodium azide, 1 mM PMSF and 10 mg/ml of bovine albumin are 
added to the supernatant. Each sample is incubated for 20 h at 4 Q C in 2 wells of a 

15 Nunc or Maxisorb type microtitration plate precoated with a monoclonal antibody 
(Parham & Brodaky, 1981) (10 Mg/ml in PBS) which recognizes the 
histocompatibility molecules having one (or more) conformation(s) which comply 
(complies)for the presentation of the peptides and which is (are) similar to that 
(those) present at the surface of the cells. The plate coated with antibody is 

20 presaturated with bovine albumin at 10 mg/ml in PBS-Tween before adding the 
sample. The second antibody which allows detection of the assembly of the 
histocompatibility molecules is directed against beta2m. It is coupled either with 
biotin (NHS-LC biotin, Pierce) or to alkaline phosphatase (P-5521, Sigma) and is 
incubated at 2 /*g/ml for 1 h at 37° C, In the case of the use of biotin, an incubation 

25 for 45 min at 20-25 °C with extravidin coupled with alkaline phosphatase (E-2636, 
Sigma) is carried out. The activity of the alkaline phosphatase is measured using, 
as substrate, 4-methyl-umbelliferyl phosphate (M-8883, Sigma) at 100 fiM in 50 
mM diethanolamine, pH 9,5 with 1 mM MgC^. The reading is carried out at 
340/460 nm using a Millipore 2300 cytofluorimeter, 

30 

13. Controlling the stability of the HLA/peptide complexes 
The material used is either purified HLA or the lysate of the T2 cell With 
purified HLA, the endogenous proteins need to be removed, as described in 
paragraph I I, and the HLA placed in the presence of the peptide to be tested in an 
35 Eppendorf tube at 37 °C for times ranging from a few minutes to several days. The 
subsequent phase of incubation on a 96-well plate (see paragraph 1-2) with the anti- 
HLA antibody (Parham & Brodsky, 1981) is carried out for 1 h at 37°C, The 
detection is standard (Teillaud et al. % 1982). With the T2 cell lysate, all the 
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incubations are also carried out at 37°C after all the protease inhibitors have 
been added. 

1,4. Analysis of the conformation of the HLA/neotide compl exes bv BIAcore 

surface plasmonic resonance 

This machine measures, with the aid of a reflected light beam, the molecular 
interactions which take place in real time in a continuous flow of buffer. The ami- 
HLA antibodies are diluted to 25 jig/ml in pH 7,4 sodium acetate buffer and are 
covalently bound via their free amines to the carboxymethyl dextran matrix of the 
"Sensor Chip CM5" activated with 50 mM NHS and 200 mM EDC. The injection 
is carried out at a rate of 5 /il/min for 6 minutes and the residual reactive groups 
are then blocked with 30 ftl of pH 8.5 ethanolamine chloride. The HLA/peptide 
complexes formed as indicated in paragraph 1-1 are injected (30 jd) at a rate of 
2 fd/min and will be able to bind to the immobilized antibody. The results are 
expressed in resonance units (RU) which correspond to the angle of deflection of 
the light beam, this deflection being proportional to the concentration of proteins in 
contact with the matrix. The system can be reused after regeneration by injecting 
1 M ethanolamine for 2 min. Kinetic and affinity measurements can be carried out. 

2) Induction of cytolytic T lymphocytes in vitro 

Unpurified peripheral blood mononuclear cells (PBMC) are cultured in 
RPMI 1640 and 10% BSA with antibiotics, at a concentration of 2x 10 6 /ml, at a 
rate of 2 ml per well (Costar 24-well plates). 1 jig/ml tetanus toxin (TT) is added 
to these cells to stimulate the CD44- T cells, and the peptide to be tested is added 
as a CTL inducer at a rate of l^g/ml. On day 3 or 4, 50 U/ml of IL-7 are added. 
For each culture, 10 replicates are treated independently. The effector ceils 
generated are restimulated with PBMCs preincubated with the peptide (50 ng/ml 
for 4 h for lOx 10 6 cells) and then irradiated at 6000 rads. The stimulator cells arc 
diluted to 106/ml and 1 ml is added per culture well after 1 ml of supernatant has 
been removed. The following day and 4 days later, IL-2 (10 U/ml) and IL-7 (50 
U/ml) are added. The effectors are restimulated every 7 to 10 days in the same 
way. When the cytolytic activity appears, IL-2 is added at a rate of 50 U/ml. The 
cytotoxicity can be tested after 2 stimulations and then each week. 
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3) Analysis of the effector functions 

3.1, Test of direct cvtolvsis 

The induced T lines are tested as regards their capacity to recognize the 
inducer peptide presented on the HLA at the surface of the target cells, which are 
usually EBV lymphoblastoid cells. The cytolysis resulting therefrom is determined 
by the standard test of 4 h of release of 5, Cr. On day -3 or -4 before the test, the 
addition of interleukins is not carried out since the cells need to be weaned in order 
to be in optimum activation condition. For the primary inductions, the lysis cannot 
be detected before 3 weeks, The target cells labelled for 1 h with 10 *tCi of 51 Cr 
are preincubated with the peptide (5 y,g/m\ conventionally or a variable 
concentration). After 2 washes, these cells are distributed in the wells of a 96-well 
microtitration plate at a rate of 5000 per well and the effector cells are added in 
ratios ranging from 1 to 100. The release of 51 Cr (R) obtained during the 
incubation of 4 h at 37°C is measured. The percentage of lysis is determined by 
the formula below: 

(R. experimental - R. spontaneous / R. total - R, spontaneous) x 100 

3.2. Analysis of the interleukins 

Analysis of the expression of the genes coding for the interleukins is carried 
out by means of a semi-quantitative RT-PCR technique. PBMCs or purified CD8 + 
cells (1 to 2 x 10$ ) are cultured in 24-well plates and stimulated either with anti- 
CD3 + monoclonal antibodies in the presence of 100 nM Phorbol Myristate 
Acetate (PMA) with autologous PBMCs which have been irradiated and sensitized 
or otherwise for 1 h 30 min with a peptide whose recognition is restricted by the 
molecules of the MHC, For the various interleukins, after 12 to 14 h of stimulation 
(or after 3, 10 and 24 h for the kinetic analysis of the appearance of the mRNAs), 
the cells are recovered and the total RNA is extracted by the technique with 
RNAzol (Bioprobe, Montreuil, France), The RNA (1 to 2 mg) is retrotranscripted 
with superscript II {Gibco BRL). The cDNAs synthesized are diluted to 1/5 with 
water and their concentration is quantified by competitive PCR with a plasmid 
(pQB.2) containing the sequence of B actin (237-bp product > generously supplied 
by D. Shire). The PCR reaction is carried out in the presence of 10 raM Tris-IICl, 
50 mM KC1, L5 mM MgCl^, 0.2 mM of each dNTP (dATP, dCTP, dGTP, 
dTTP), 0.4 mM of sense and antisense primer, and 2 U of Taq polymerase 
(Promega), The amplification is carried out starting with a denaturation at 94 °C 
for 5 min, followed by 30 cycles at 94°C, 30 s, 55°C, 30 s, 72°C, 30 s, and a 
final elongation at 72°C> 10 min, in a regulated thermostat (Perkin Elmers 9600). 
The analysis of IL-2, IL-4 and IFN-g is carried out under the same conditions as 
for B-actin, except that the number 
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of cycles ranges between 30 and 40. The relative quantification is carried out by 
competitive PCR. 

B) Results 

1) Peptide analogues of the peptide M58-66 containing non-protein- 
generating amino acids : 

1.1, Binding to the A2 molecule of the peptides of the series M58-66 : 
The results are represented in Figure 1 (Figures 1A to 1C). 

The peptides were incubated at different concentrations at 4°C for 18 h in the 
presence of denatured HLA-A2 molecules and [32 microglobulin. The stable HLA- 
A2/peptide complexes formed at 4°C are captured with the antibody BB7.2 
adsorbed onto a plate and are revealed with a second anti p2 microglobulin 
antibody coupled to alkaline phosphatase. The quantity of HLA-A2/peptide 
complexes formed is proportional to the intensity of the fluorescence detected with 
cytofluor, NP 383-391 is a negative control peptide, 0, peptide corresponds to the 
background noise in the absence of peptide. F.U, ; arbitrary fluorescence unit. 

Only two modifications affect the binding of these modified peptides to the 
molecule HLA-A2 : modification by the D-Phenyl in position 62 ([D-Phe62]M58- 
66) and in position 64 ([D-Phe64]M58-66). 

1.2, Capacity of these peptides to induce lvsis of the target T2 cells by means 
of a line of cytotoxic T cells (CTL) which is specific for M5 8-66 and restricted 
with the molecule A-A2. 1 . 

The results are represented in Figure 2 (Figures 2 A to 2D), 
The target T2 cells A2 were treated with chromium (Cr51) and then 
incubated for 2 h with 1 jig/ml of peptide. After washing, the target cells (5000 per 
well) were incubated for 4 h with the CTL line at a ratio of 10 effector cells (E)/l 
target cell (C), The specific lysis is expressed as a percentage of lysis as a function 
of the concentration of peptide incubated with the targets. 

The modifications Phg-62 and 64, DPhe-62 and 64, Cha62 and 64, Tic 62 
and 64 have an effect on the recognition of the cytolytic T lymphocytes which are 
specific for the peptide M58-66, 

1.3, Dose response . 

The results are represented in Figure 3 (Figures 3 A and 3B). 

The target T2 cells A2 were treated with (Cr5 1) and then incubated for 1 h 
with various concentrations of peptide. After washing, the target cells (5000 per 
well) were incubated for 4 h with the CTL line at a ratio 10E/1C The specific 
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lysis is expressed as a percentage of lysis as a function of the concentration of 
peptide incubated with the targets. 

The cytolytic T lymphocytes which arc specific for the peptide M58-66 have 
a weaker affinity for the modified peptides. 

5 

2) Peptide analogues of Mart-1 comprising a bond of the p-homologation 

type : 

2.L Binding to the molecule A2 , 
io The results are represented in Figure 4 (Figures 4A and 4B). 

The various peptides are compared as regards their ability to bind to the 
purified HLA-A2.1 molecule. 

The peptides were incubated at different concentrations at 4°C for 18 h in the 
presence of denatured HLA-A2 molecules and J52 microglobulin. The stable 
15 complexes HLA-A2/peptide formed at 4°C are captured with the antibody BB7.2 
adsorbed onto a plate and revealed with a second anti (52 microglobulin antibody 
coupled with alkaline phosphatase. The quantity of HLA-A2/peptide complexes 
formed is proportional to the intensity of the fluorescence detected with cytofluor 
(F.U.: arbitrary fluorescence unit). 
20 NP is an influenza virus nucleoprotein peptide which does not bind to the 

molecule HLA-A2 (negative control). 

Apart from the (34 homo peptide which binds better than the parent peptide, 
the other p homo peptides have an intermediate to weak affinity relative to the 
peptide Mart-1 , 

25 

2.2. Ability of these peptides to induce lvsis of the target T2 cells with 3 T 
clones specific for Mart-1 which are restricted with the molecul e HLA-A2.1. 
The results are represented in Figure 5. 

The target T2 cells A2 were treated with chromium (Cr51) and then 
30 incubated for 2 h with 1 /xg/ml of peptide. After washing, the targets (1500 per 
well) were incubated for 4 h with the various T clones (LT8, LT11, LT12) at a 
ratio of 3 effector cells/ 1 target cell (E/T). The specific lysis is expressed as a 
percentage of lysis. 

The target T2 cells A2 incubated with the parent peptide Mart-1 are 90% 
35 lysed with the three cytolytic clones (LT8, LT1 1 and LT12) which are specific for 
this peptide. In the absence of peptide (0), no lysis is detected. Only the (34 homo 
peptide is capable of inducing a lysis activity similar to that of the parent peptide 
for only one clone (LT12), 
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2.3. Dose response . 

The results are represented in Figure 6. 

The target T2 cells A2 were treated with chromium (Cr51) and then 
incubated for 2 h with various concentrations of peptide. After washing, the targets 
(1500 per well) were incubated for 4 h with the T clone LT12 at a ratio 3E/1C. 
The specific lysis is expressed as a percentage of lysis as a function of the 
concentration of peptide incubated with the targets. 

The T clone LT12 has a weaker affinity for the p4 peptide than for the 

peptide Mart-1. 

3) Peptide analogues of the peptide Mart-1 containing a -CH2-NH- bond. 

3.1. Binding of the peptides of the reduced Mart-1 series to the molecule A2 , 
The results are represented in Figure 7 (Figures 7 A and 7B), 
Peptide/HLA-A2 complexes formed as a function of the concentration of 

peptide : 

The peptides were incubated at two different concentrations (10' 4 M and 
10" 6 M) at 4*C for 18 h in the presence of denatured HLA-A2 molecules and 02 
microglobulin. The stable HLA-A2/peptide complexes formed at 4°C are captured 
with the antibody BB7.2 (which is specific for this molecule of category I and is 
adsorbed at the bottom of the wells) and revealed by a second anti (52 
microglobulin antibody coupled with alkaline phosphatase. The quantity of HLA- 
A2/peptide complexes formed is proportional to the intensity of the fluorescence 
detected with cytofluor (F.U. : arbitrary fluorescence unit). 

The peptides \|/ 1-2 to 4-5 have an intermediate to weak affinity for the 
peptide Mart-1. The peptides y 4-5 to 8-9 bind very weakly to the purified A2.1 
molecule. 

3.2. Ability of the peptides of the reduced Mart series to induce lysis of the 
target T2 cells with 3 T clones specific for Mart which are restricted with the 
molecule HLA-A2. 1 » 

The results are represented in Figure 8. 
Lysis test : 

Target T2 cells A2 were treated with chromium (Cr51) and then incubated 
for 2 h with 1 jig/ml of peptide. After washing, the targets (1500 per well) were 
incubated for 4 h with the various T clones (LT8, LT11, LT12) at a ratio of 3 
effector cells/ 1 target cell (E/T). The specific lysis is expressed as a percentage of 
lysis as a function of the various clones tested. 
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The target T2 cells incubated with the parent peptide Mart-1 are 90% lysed 
with the three cytolytic clones (LT8, LT11 and LT12) which arc specific for this 
peptide. In the absence of peptide (0), no lysis is detected* Only the peptides \j/ 2- 
3 and y 5-6 are capable of inducing a lysis activity similar to that of the parent 
5 peptide for a single clone (LT8 and LT12 respectively), y 7-8 induces a weaker 
lysis activity, detected only with the clone LT12, 

3,3, Dose response of the peptides which induce a lysis with the clones LT8 
and LT12 , 

io The results are represented in Figure 9 (Figures 9A and 9B). 

Lysis test : 

Target T2 cells A2 were treated with chromium (Cr51) and then incubated 
for 2 h with various concentrations of peptide. After washing, the targets (1500 per 
well) were incubated for 4 h with the various T clones (LT8, LT12) at a ratio of 

15 3E/1C. The specific lysis is expressed as a percentage of lysis as a function of the 
concentration of peptide incubated with the targets. 

The peptides y 2-3 and y 5-6 have a dose response which is comparable to 
that of the parent peptide, whereas the peptide y 7-8 only induces lysis weakly, 
even at a high concentration of peptide. This result suggests the modification 

20 introduced reduces the affinity of the TCR (T receptor) of the clone LT8 for this 
peptide. 

4) Peptide analogues of the peptide M58-66 containing a -CH2-NH- bond. 

25 4.1. Binding of the peptides of the reduced M58-66 series to the molecule 

A2. 

The results are represented in Figure 10 (Figures 10A and 10B). 

The peptides were incubated at various concentrations at 4 °C for 18 h in the 

presence of denatured HLA-A2 molecules and p2 microglobulin, The stable HLA- 
30 A2/peptide complexes formed at 4°C are captured with the antibody BB7.2 

adsorbed on the plate and are revealed with a second anti |32 microglobulin 

antibody coupled with alkaline phosphatase. The quantity of HLA-A2/peptide 

complexes formed is proportional to the intensity of the fluorescence detected with 

cytofluor. RU, ; arbitrary fluorescence unit. 
35 The peptides Mart-1 modified by reduction have an intermediate affinity for 

the molecule HLA-A2. The reduction in positions 2-3 and 8-9 makes the binding 

undetectable for the clone studied. 
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4.2, Ability of the peptides of the reduced M58-66 series to induce Ivsis of 
the target T2 cells with a CTL line induced with M58-66 and restricted with the 
molecule HLA-A2, 1 . 

The results are represented in Figure 11. 

The target T2 ceils A2 were treated with chromium <Cr5l) and then 
incubated for 1 h with 1 fig/ml of peptide. After washing, the targets (1500 per 
cell) were incubated for 4 h with the CTL line at a ratio of 10E/1C. The specific 
lysis is represented as a percentage of lysis. 

The reduction in positions 2-3 and 5-6 does not have an effect on the 
recognition of the peptide by the cytolytic T lymphocytes which are specific for the 
peptide M58-66. 

KEY TO THE FIGURES : 

- Figure 1 : study of the binding of the peptide analogues of the peptide M58- 
66 containing non-protein-generating amino acids to the molecules of the MHC 
(HLA-A2) : the concentrations of the peptide analogues (10' 4 to 10" 10 M) are 
indicated on the x-axis and the fluorescence units are indicated on the y-axis : 

, Figure 1A : study of the binding of the peptide analogues (Tic62]M58-66 
{also known as M58-66 Tic62 or Tic62), [3-Pya62]M58-66 (3-Pya62), 
[2-Tha62]M58-66 <2-Tha62), [D-Phe62]M58-66 <D-Phe62), [Tic64]M58-66 
(Tic64), 

. Figure IB : study of the binding of the peptide analogues [3-Pya64]M58-66 
<3-Pya64), [2-Tha64]M58-66 (2-Tha64), [D-Phe64]M58-66 (D-Phe64), 
[Cha62]M58-66 <Cha62)» [N-MePhe62]M58-66 <N-MePhe62), 
. Figure 1C : binding of the peptide analogues [pCl-Fh62]M58-66 (pCl- 
Phe62), [Phg62]M58-66 (Phg62) y [Cha64]M58-66 (Cha64), [pCl- 
Phe64]M58-66 (pCl-Phe64), [Phg64]M58-66 <Phg64), 

in comparison with the peptide M58-66, the negative control peptide NP383-391, 

and a solution containing no peptide (0 peptide), 

- Figure 2 : study of the effect of peptide analogues of M58-66 containing 
non-protein-generating amino acids on the lysis of a line of target T2 cells with a 
line of cytotoxic T cells which are specific for M58-66 : the percentage of lysis is 
indicated on the y-axis and the ratio E/T (effector cells/target cells) is represented 
on the x-axis: 

Figure 2A : effect of the analogues Tic62 and Tic64 on the lysis of the T2 
cells, 

Figure 2B : effect of the analogues D-Phe62, D-Phe64, Cha62 and Cha64 
on the lysis of the T2 cells, 

. Figure 2C : effect of the analogues 3-Pya62, 3-Pya64, 2-Tha62 and 2 
Tha64 on the lysis of the T2 cells, 
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Figure 2D : effect of the analogues pCl-Phe64, Phg64, pOPhe62 and 
Phg62 on the lysis of the T2 cells, 
in comparison with the effects of the peptide M58-66 and of a solution containing 
no peptide (0 peptide). 

- Figure 3 : study of the response of cytotoxic T cells as a function of the 
concentration of peptide analogues of the peptide M58-66 containing non-protein- 
generating amino acids : the percentage of lysis is indicated on the y-axis and the 
peptide concentration is indicated on the x-axis : 

, Figure 3 A : study as a function of the concentration of pCl-Phe62 and pCl- 

Phe64, 

Figure 3B : study as a function of the concentration of 2-Tha62 and 
2-Tha64, 

in comparison with the concentration of M58-66, 

- Figure 4 : study of the binding of the peptide analogues of the peptide 
Mart-1 containing a bond of the p-homologation type to the molecules of the MHC 
(HLA-A2); the concentrations of the peptide analogues (10" 5 to 10- 7 M) are 
indicated on the x-axis and the fluorescence units are indicated on the y-axis : 

. Figure 4A : study of the binding of the analogues pi homo (Bl), p2 homo 
(B2), P3 homo (B3) and 04 homo (B4), 

. Figure 4B ; study of the binding of the analogues J35 homo (B5) 5 |36 homo 
(B6), P7 homo <B7), p8 homo (B8) and p9 homo (B9), 
in comparison with the peptide Mart-1 (Mart) and a negative control peptide (NP). 

- Figure 5 : study of the effect of peptide analogues of the peptide Mart-l 
containing a bond of the p-homologation type on the lysis of target T2 cells with 3 
clones of cytotoxic T cells (LT8, LT11 and LT12) which are specific for Mart-1: 
the percentage of lysis is indicated on the y-axis and the peptide analogues Bl to 
B9 are indicated on the x-axis, in comparison with Mart 1 and a solution without 
peptide (0), 

- Figure 6 : study of the response of the cytotoxic T cells as a function of the 
concentration of the P4 homo analogue of Mart-1, in comparison with Mart-1 : the 
percentage of lysis is indicated on the y-axis and the concentration of peptide 
(^ig/ml) is indicated on the x-axis. 

- Figure 7 : study of the binding of the peptide analogues of the peptide 
Mart-1 containing a -CH2-NH- bond (reduced analogues) to the molecules of the 
MHC (HLA-A2) : the peptides at concentrations of 10" 6 M or 1(H M are 
indicated on the x-axis and the fluorescence units are indicated on the y-axis : 

. Figure 7 A : study of the binding of the peptides y(l-2)Mart-l (represented 
by 1-2), y(2-3)Mart-l (2-3), v (3-4)Mart-l (3-4) and V (4-5)Mart-l (4-5), 
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. Figure 7B : study of the binding of the peptides \y(5-6)Mart-l (5-6), 
\|/(6-7)Mart-l (6-7), \|/(7-8)Mart-l (7-8) and Y(8-9)Mart-l (8-9), 
in comparaison with Mart-1. 

- Figure 8 : study of the effect of the reduced analogues 1-2 to 8-9 of Mart-1 
on the lysis of T2 cells with 3 clones of T cells (LT8, LT11 and LT12) which are 
specific for Mart-1 : the percentage of lysis is indicated on the y-axis and the 
peptide analogues 1-2 to 8-9 are indicated on the x-axis, in comparison with Mart- 
1 and a solution without peptide (0). 

- Figure 9 : study of the response of the cytotoxic T cells as a function of the 
concentration of reduced analogues of Mart-1: the percentage of lysis is indicated 
on the y-axis and the peptide concentration is indicated on the x-axis (^g/tnl) : 

Figure 9A : study as a function of the concentration of the analogues 2-3 
and 7-8, 

. Figure 9B : : study as a function of the concentration of the analogue 5-6, 
in comparison with the concentration of Mart-1. 

- Figure 10 ; study of the binding of peptide analogues of the peptide M58-66 
containing a CH2-NH- bond (reduced analogues) to the molecules of the MHC 
HLA-A2) : the peptide concentrations (10" 10 to 1(H M) are indicated on the x- 
axis and the fluorescence units are indicated on the y-axis ; 

Figure 10A : study of the binding of the peptides y(l-2)M58-66 (1-2), 
y(2-3)M58~66 (2-3), y(3-4)M58-66 (3-4) and h/(4-5)M58-66 (4-5), 
. Figure 10B : study of the binding of the peptides \|/(5-6)M58-66 (5-6), 
y(6-7)M58-66 (6-7), i(/(7-8)M58-66 (7-8) and i)/(8-9)M58-66 (8-9), 

in comparison with M58-66 and a mutated peptide (GIL) of M58-66 bearing the 

mutation GLL GIL [M58-66 (GIL)], 

- Figure 1 1 : study of the effect of the reduced analogues 1-2 to 8-9 of M58- 
66 on the lysis of T2 cells with a clone of T cells which is specific for M58-66 : 
the percentage of lysis is indicated on the y-axis and the effector cell/target cell 
(E/T) ratio is indicated on the x-axis, in comparison with M58-66, mutated (GLL) 
M58-66 and a solution without peptide (0). 
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CLAIMS 

1. Use of peptide analogues of parent peptides, these parent peptides being 
derived, where applicable, from exogenous or endogenous proteins, the said parent 

5 peptides interacting with molecules of the MHC in the context of pathologies 
involving an immune response to cell mediation, in man or animals, the said 
analogues being characterized in that they correspond to the said parent peptides in 
which: 

at least one peptide bond -CO-NH- of the peptide chain is modified, with 
10 the exception of modifications of the retro or retro-inverso type, or 

at least one amino acid of the peptide chain is substituted with a non- 
protein-generating amino acid, or 

at least one peptide bond -CO-NH- of the peptide chain is modified and at 
least one amino acid of the said peptide chain is substituted with a non-protein- 
1 5 generating amino acid, 

for the preparation of a medicinal product intended for preventing or treating 
the abovementioned pathologies. 

2. Use according to Claim 1, of peptide analogues derived from parent 
20 peptides which interact with molecules of the MHC of category I, in the context of 

pathologies involving cytotoxic T lymphocytes. 

3. Use according to Claim 1 or 2, of peptide analogues, characterized in that 
at least one of the peptide bonds -CO-NH- in the peptide chain of the parent peptide 

25 is replaced with a bond other than the -CO-NH-, the said other bond being chosen in 
particular from the following ; 

-CH2-NH- (methyleneaniino) ; 

-CH2-CH2- (carba) ; 

^CO-CH2- (ketomethylene) ; 
30 -CH2-O- (methyleneoxy) ; 

-CHOH-CH 2 - (hydroxyethylene) ; 

-CH-CH- (E or Z olefin) ; 

-CHOH-CHOH- (dihydroxyethylene) ; 

-CHCN-NH- (cyanomethyleneamino) ; 
35 -S-CH2- (thiometfcytene) ; 

-CH2-S- (methylenethio) ; 

-CS-NH- (thioamide) ; 

-PO2-NH- (phosphonamide) ; 
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-CHOH- 
-NH-CO^NH- 

-CH CH- 

\ / 
o 



N N 

^ N 
-CH2-CONH- 
-CHOH-CH 2 -NH 
10 -CO-NH-NH- 

4. Use according to one of Claims 1 to 3 > of peptide analogues, characterized 
in that at least one of the amino acids in the peptide chain of the parent peptide is 
substituted with a non-protein-generating amino acid, the said non-protein- 
15 generating amino acid being chosen in particular from the following amino acids: 

- the amino acids of D configuration, 

- the oc-amino acids of the general formula: 



(hydroxymethylene) ; 
(urea) ; 
(oxirane) ; 

(tetrazole) ; 

(p-homologation) ; 
(hydroxyethyleneamino) ; 
(hydrazino). 



20 

in which ; 

- R2, R2 and R 3 , represent, independently of each other: a hydrogen atom, a 
hydroxyle, an alkyl radical of 1 to 25 carbon atoms, a radical containing an allyl 
group and having from 3 to 25 carbon atoms, a radical containing one or more 

25 aromatic or non-aromatic rings, in particular an aryl group, and having from 6 to 25 
carbon atoms, and in particular the following groups: -CH3 (methyl), -CH 2 CH 3 
(ethyl), -(CH 2 )4-CH 3s -CH(CH 3 ) 2 (isopropyl), -C(CH 3 ) 3 (tert-butyl), -<D (phenyl), 
-CH 2 <t> (benzyl), -CH2 <t>C\ (para-chlorobenzyl), -CH 2 -CH 2 <J> (2-phenylethyl), 
-CH 2 CHCH 2 (alkyl), methylfluorenyl, -CH2CONH2 (glycolamide), -CH 2 CON 0>2 

30 (benzhydrylglycolamide), -CHOH <P> 




35 it being understood that one of the two groups R 2 and R 3 can represent a side chain 
of natural amino acids when either Rj or the other of the two groups R 2 and R 3 do 
not represent a hydrogen atom, 
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10 



15 



20 



25 



30 



35 



- where appropriate, Rj, R2* Ca and N form an aromatic or non-aromatic 
heterocycle of 4 to 8, carbon atoms, which may be substituted, in particular a 
heterocycle of the formula : 



or 




H 

- the P-amino acids of the general formula : 





in which Rj, R2 and independently of each other, represent a side chain of 
a natural amino acid or are as defined above, 
in particular : 

. the {J-homo amino acids of the formula: 

*- 0 

OH 

in which R\ and R2 are as defined above, or 

, the a-hydroxy (J-horno amino acids of the formula : 

in which Rj and R2 are as defined above, 
- the y-amino acids of the general formula: 

Ri- 



ft 




in which R 1? R2> R3 and R4 represent, independently of each other, a side 
chain of a natural amino acid, or R\, R2 and R3, are as defined above and R4 has the 
same meaning as that given above for R\ f R2 and R3, 

in particular the statin derivatives of the formula : 
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5. Use according to one of Claims I to 4, of peptide analogues, characterized 
in that they are selected from those which arc capable : 

on the one hand, of being recognized by the molecules of the MHC and of 
associating with these molecule, in particular by carrying out the following method : 

10 . incubation of the peptide analogue in the presence of molecules of the 

MHC, derived from the lysis of human or animal cells, or purified in particular by 
affinity chromatography from human or animal cell lines, on a solid support coated 
with a first antibody* in particular a monoclonal antibody, which specifically 
recognizes the molecules of the MHC in their conformation which is dependent on 

1 5 their binding to the said peptide analogue 

addition to the above solid support of a second antibody which is 
labelled, in particular by means of coupling with a radioactive, enzymatic or 
fluorescent label, the said labelled antibody specifically recognizing either the 
molecules of the MHC in their conformation which is dependent on their binding to 

20 the peptide analogue, or a molecule which itself binds specifically to the molecules 
of the MHC in their abovementioned conformation, in particular {32-microglobulin 
which specifically recognizes the molecules of the MHC of category I, 

. detection, after rinsing the solid support, of the possible presence of the 
second labelled antibody which has remained bound to the solid support, thereby 

25 demonstrating an effect of recognition and association between the molecules of the 
MHC and the peptide analogue studied, 

and, on the other hand, of forming a complex with the said molecules of 
the MHC, the stability of which complex can be evaluated by carrying out a method 
for monitoring over time the binding established between the peptide analogue and 

30 the molecules of the MHC, this method advantageously being carrying out according 
to a protocol which is identical to the above method, but in which the step of 
incubation of the peptide analogue in the presence of the molecules of the MHC on 
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the solid support coated with the said first antibody is canied out for times ranging 
from a few minutes to several days. 

6. Use according to one of Claims 1 to 5, of peptide analogues* characterized 
5 in that they are selected : 

* from those which are capable : 

of inducing in vitro the appearance and growth of cytotoxic T 
lymphocytes from human or animal cells, in particular from peripheral blood 
mononuclear cells (PBMCs) in the presence of factors required for the growth and 
1 o differentiation of the cytotoxic T cells, 

of inducing in vitro cytolysis, by means of cytotoxic T lymphocytes, of 
target cells carrying at their surface the peptide analogue associated with the 
molecules of the MHC, the said cytotoxic T lymphocytes advantageously being 
taken from a patient suffering from a pathology in which the parent peptide of the 
15 peptide analogue studied is involved, 

and of inducing in vitro the secretion of cytokines (or interleukins) by 
means of the abovementioned cytotoxic T lymphocytes, in particular IL-2» IL-4 or 
y-interferon, 

the said peptide analogues thus selected being ; 
20 * either receptor agonists (TCR) which recognize the antigen (i.e. the 

parent peptide) of the cytotoxic T cells, and are derived from parent peptides which 
themselves behave as agonists or antagonists of the said receptors, 

, or partial agonists of the said receptors, and are derived from parent 
peptides which themselves behave as agonists of the said receptors, these partial 
25 agonists inducing, in particular, the secretion of one or more cytokines other than 
those whose secretion is induced with the parent peptides, 

* or from those : 

which are capable of inducing in vitro the appearance and growth of 
cytotoxic T lymphocytes from human or animal cells, in particular from peripheral 
30 blood mononuclear ceils (PBMCs), in the presence of factors required for the growth 
and differentiation of cytotoxic T cells, 

which do not induce in vitro the cytolysis, by means of cytotoxic T 
lymphocytes, of target cells carrying at their surface the peptide analogue associated 
with the molecules of the MHC, the said cytotoxic T lymphocytes advantageously 
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being taken from a patient suffering from a pathology in which the parent peptide of 
the peptide analogue studied is involved, 

which do not induce in vitro the secretion of cytokines (or interleukins) by 
means of the abovementioned cytotoxic T lymphocytes, in particular IL-2, IL-4 or 
5 y-interferon, 

the said peptide analogues thus selected being antagonists of the cytotoxic T 
cell receptors. 

7, Peptide analogues of parent peptides involved in melanoma, in particular the 
10 peptide MARTI 27-35, the said parent peptide comprising, where appropriate, one 
or more mutations, such as the Leu^^-mutated parent peptide MARTI 27-35, the 
said peptide analogues corresponding to the said parents peptides in which at least 
one of the peptide bonds -CONH- is modified, with the exception of modifications 
of the retro or retro-inverso type, the said analogues being chosen in particular from 
15 the following : 

- the peptide analogues of MARTI 27-35 in which at least one of the -CO-NH- 
bonds is replaced with a -CH2-NH- bond, such as fee analogues ¥(1-2) to ¥(8-9) 
20 below : 



Sequences 

PI P2 P3 P4 P5 P6 P7 P8 P9 

25 



MARTI 27-35 


H-A - A - 


G- 


I- G- I- 


L- 


T- 


V-OH 


Y(l-2) 


H -A T(CHjNH)A - 


G- 


I- G - 1- 


L- 


T- 


V-OH 


¥ (2 - 3) 


H —A - A T(CHjNH)G - 


I- G- I- 


L - 


T- 


V-OH 


¥(3-4) 


H -A - A - Gy(ch 2 nh> 


I- G- I- 


L- 


T- 


V-OH 


30 ¥ (4 - 5) 


H-A- A 


G- 


IV(CH 2 NH)G - I - 


L- 


T- 


V-OH 


Y(5-6) 


H-A- A 


G- 


I - G TfCHjNIfll - 


L- 


T- 


V-OH 


W (6 - 7) 


H-A- A 


G- 


I - G IV(CH 2 I 


MH)L - 


T- 


V-OH 


¥ (7 - 8) 


H-A- A 


G- 


I- G I- 




V-OH 


V (8 - 9) 


H-A- A 


G- 


I- G I- 


L- 


T<p<ch 2 nh)V -OH 



35 



- the peptide analogues of MARTI 27-35 in which at least one of the -CO-NH- 
bonds is replaced with a -CH2-CO-NH- bond, also referred to hereinbelow as a 
40 p-homo bond, such as the analogues pi to p9 below : 
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Sequences 





PI P2 


P3 


P4 


P5 P6 


P7 


PS 

ro 


ry 


MARTI 27-35 


H-A A- 


G- 


I- 


G- I- 


L- 


T- 


V-OH 


spi 


H -pjramoA -A - 


G- 


I- 


G- I- 


L- 


T- 


V-OH 


02 


H -A -f-homoA - 


G- 


I- 


G- I- 


L - 


T- 


V-OH 


P3 


H-A- A -^-hamoG - 


I- 


G- I- 


L- 


T- 


V-OH 


P4 


H-A- A- 


G -(Mwrnol - 


G- I- 


L- 


T- 


V-OH 


p5 


H-A- A- 


G- 


I -p-tomaG - I - 


L- 


T- 


V-OH 


10 06 


H-A- A- 


G- 


I- 


G -p-hompl - 


L - 


T- 


V-OH 


07 


H-A A- 


G- 


I- 


G - I "(MiomaL - 


T- 


V-OH 


P8 


H-A- A- 


G- 


I- 


G- I- 




V-OH 


p9 


H-A- A- 


G- 


I- 


G- I- 


L- 


T -p-bcmoV -OH 



15 



20 



- the peptide analogues of MARTI 27-35 Leu 28 in which at least one of the 
-CO-NH- bonds is replaced with a -CH2-CO-NH- bond, such as the abovementioned 
analogues p 1 to 09 in which the alanine in P2 is replaced with a leucine, 

- the peptide analogues of MARTI 27-35 in which at least one of the -CO-NH- 
bonds is replaced with a -CH2-CH2- bond, such as the following analogues : 



H 2 N 




G!y-lle-Giy-lle-Leu-Thr-Vai~OH 



25 



H-A!a , 



N 
H 




lle-G)y-lte-Leu-Thr-VaUOH 



30 



35 



H-Ala-Ater 




Gly-lle-Leu-Thr-Val-OH 



40 



4 



H-Ala-Ala-Gly, 




Gly-lte-Uu-Thr-Val-OH 
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6 H-Ala-Ala-GJHle-Giy-lie-Leu, 




8- Peptide analogues of the parent peptides of the influenza virus, in particular 

of the parent peptide M58-66, the said peptide analogues corresponding to the said 

parent peptides in which: 

25 - at least one of the -CO-NH- peptide bonds is modified, with the exception of 

modifications of the retro or retro-inverso type, the said analogues being chosen in 

particular from those in which at least one of the -CO-NH- bonds is replaced with a 

-CH2-NH- bond, such as the following analogues : 

Sequences 

30 PI P2 P3 P4 P5 P6 P7 P8 P9 



M58-66 H- G - L - L - G - f - V - F - T - L -OH 

¥(1-2) H-G¥(CH2NH)L-L - G - F - V - F - T - L -OH 

¥(2-3) H- G- L V F(CH2NH)L- G - F - V - F - T - L -OH 

35¥(3-4) H-G - L-L¥(CH2NH)G-F - V - F- T - L -OH 

¥(4^5) H-G - L - L - G¥(CH2NH)F- V - F - T - L -OH 

¥(5-6) H-G - L - L - G - F¥(CH2NH)V- F - T - L -OH 

¥(6-7) H-G -L - L- G- F - V¥(CH2NH)F- T - L -OH 

¥(7-8) H-G-L-L-G-F-V - F¥(CH2NH)T - L -OH 

40 ¥(8-9) H-G-L-L-G-F-V-F - T¥(CH2NH)L-OH 
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- at least one of the amino acids of the peptide chain is substituted with a non- 
protein-generating amino acid, such as the following analogues : 



[Tic621M58-66 



H-Gly £ *-IJe*Ui>Gly 




"-A 



A >Thr- 



O 



Thr-Leu 65 -OH 

\ I 

o 



10 



15 



20 



[3-Pya62JM58-66 




[2-Tha62]M58-66 




Thr teu^-OH 



O 



T R II 
O 



25 



(D-Phe62]M58-66 





30 



35 



(Tlc64]M58-6e 

H-Gfy^lle-Leu-Gfy^. 




[3-Pya64]M58-66 <f^\ 



. X) 
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[2-Tha64]M58-66 ^\ 



-Leu^-OH 



[D-Phe643M58-66 



•p. .-O 



15 



[Cha62]M58-66 

H-Gly^-l/e-Leu-Gly 



a 




o 




r-Leu W -OH 



O 



20 



25 



(N*MeFhe62]M58-66 




H 




O 



30 



[pCI-Phe62]M58-66 



H 




CI 




Thr-Leu^-OH 



O 



35 



lPhg62JM58-66 



tl 




N 
H 
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10 



^f-Phe64JM58-66 ^\ 




15 



[Phg64]M58*66 




o 




20 



25 



30 



35 



9. Peptide analogues of parent peptides of the AIDS virus, in particular of the 
peptides NEF 84-92 and GAG 77-85, the said peptide analogues corresponding to 
the said parent peptides in which at least one of the -CO-NH- peptide bonds is 
modified, with the exception of modifications of the retro or retro-inverso type, the 
said analogues being chosen in particular from : 

- those in which at least one of the -CO-NH- bonds is replaced with a 
-CH2-NH-, such as the analogues NEFRD1-8 of the peptide NEF, and GAGRD1-8 
of the peptide GAG, below: 



NEF 
NEF RD 1 
NEFRD2 
NEFRD3 
NEFRD4 
NEFRD5 
NEFRD6 
NEFRD7 
NEFRD8 



AVDLSHFLK 
A¥(CH2-NH)VDLSHFLK 
AV¥(CH 2 -NH)DLSHFLK 
AVD^(CH2-NH)LSHFLK 
AVDL¥(CH 2 -NH)SHFLK 
AVDLS^(CH 2 -NH)HFLK 
AVDLSHT(CH2-NH)FLK 
AVDLSHF4>(CH 2 -NH)LK 
AVDLSHFL¥(CH 2 -NH)K 
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GAG SLYNTVATL 

GAGRD1 S v f(CH 2 -NH)LYNTV ATL 

GAGRD2 SLT(CH 2 -NH)YNTVATL 

5 GAGRD3 SLYf(CH 2 -NH)NTVATL 

GAGRD4 SLYN¥(CH 2 -NH)TVATL 

GAGRD5 SLYNT¥(CH 2 -NH)VATL 

GAGRD6 SLYNTVY(CH 2 -NH)ATL 

GAGRD 7 SLYNTVA V F(CH 2 -NH)TL 

10 GAGRD 8 SLYNTVATf(CH 2 'NH)L 

- those in which at least one of the -CO-NH- bonds is replaced with a -CHOH- 
NH- bond, such as the following analogues NEFHEA1-8 of the peptide NEF: 

15 NEF AVDLSHFLK 

NEFHEA1 A *F ( CHOH- NH)VDLSHFLK 

NEFHEAZ A V T ( CHOH- NH)DLSHFLK 

NEFHE A3 A V D ¥ ( CHOH-NH ) L S H F L K 

NEFHEA4 A V D L *F ( CHOH- NH)SHFLK 

20 NEFHEA5 A V D L S ¥ ( CHOH- N H ) H F L K 

N EFHEA6 A V D L S H ^ ( CHOH-NH ) F L K 

NEFHE A7 AVDtSHFf( CHOH- NH)LK 

NEFHEA8 A V D L S H F L V ( CHOH- N H ) K 

25 10. Use of peptide analogues as defined in one of Claims 1 to 9, for the 

preparation of medicinal products, in particular vaccines, intended for preventing or 
treating pathologies in which the parent peptides are agonists or antagonists of 
receptors which recognize the antigen of the cytotoxic T cells, and more particularly 
neurodegenerative pathologies which are infectious (of viral or bacterial origin), 

30 tumoural, autoimmune and allergic. 

11. Pharmaceutical composition, characterized in that it comprises, as active 
principle, at least one peptide analogue defined in one of Claims 1 to 9, in 
combination with a pharmaceutically acceptable vehicle. 



35 
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12. Vaccine* characterized in that it comprises an agonist peptide analogue, 
which may be a partial agonist, defined in one of Claims 1 to 9, in combination with 
a pharmaceutical^ acceptable vehicle. 

5 13, Diagnostic composition for the in vivo diagnosis of pathologies involving 

the immune response to cell mediation, in particular the cytotoxic T lymphocytes, or 
for the in vivo evaluation of the immune response in the context of the 
abovementioned pathologies, by carrying out a skin hypersensitivity reaction by 
means of intradermal injection of the said diagnostic composition, characterized in 

10 that it comprises a peptide analogue defined in one of Claims 1 to 9, in combination 
with a physiologically acceptable vehicle. 

14. Complex between a peptide analogue defined in one of Claims 1 to 9, and 
a component of the major histocompatibility complex (also referred to as an MHC- 

15 peptide analogue binary complex), and optionally a T cell receptor (also referred to 
as an MHC-peptide analogue-T receptor ternary complex). 

15. Method for the in vitro diagnosis of pathologies involving the immune 
response to cell mediation, in particular the cytotoxic T lymphocytes* i,e, pathologies 

20 associated with the presence, in a patient's body, of exogenous or endogenous 
peptides which interact with molecules of the MHC, and which are liable to be 
directly or indirectly involved in the process of development of these pathologies in 
man or animals, characterized in that it comprises: 

- placing a biological sample, obtained from a patient, in contact with a peptide 
25 analogue defined in one of Claims 1 to 9 ? under conditions which allow reaction 

between the receptors of the T cells liable to be present in the biological sample, and 
the binary complex which may be formed between the said peptide analogue and the 
molecules of the MHC present in the said sample; 

- the in vitro detection of the MHC-peptide analogue-T receptor ternary 
30 complex which may be formed in the preceding step. 



16. Equipment or kit for carrying out the methods of in vitro diagnosis 
according to Claim 15, comprising; 

- a peptide analogue defined in one of Claims 1 to 9; 
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- reagents for making a medium suitable for forming an immunological 
reaction; 

- reagents for detecting the ternary complex according to Claim 14, which has 
been produced after the immunological reaction, the said reagents optionally 

5 containing a label or being capable of being recognized in turn by a labelled reagent, 
more particularly in the case in which the peptide analogue is not labelled* 

17. Antibodies directed against the binary complexes as defined in Claim 14, 
the said antibodies being as obtained by immunizing an animal with at least one 

10 abovementioned binary complex, the said antibodies being capable of forming a 
complex with these binary complexes. 

18. Pharmaceutical composition, characterized in that it comprises antibodies 
according to Claim 17 ? in combination with a physiologically acceptable vehicle. 

15 

19. Process for screening peptide analogues defined in one of Claims 1 to 9, 
characterized in that it comprises the following steps : 

. incubation for times ranging from a few minutes to several days, of the 
peptide analogue in the presence of molecules of the MHC, derived from the lysis of 
20 human or animal cells, or purified in particular by affinity chromatography from 
human or animal cell lines, on a solid support coated with a first antibody, in 
particular a monoclonal antibody, which specifically recognizes the molecules of the 
MHC in their conformation which is dependent on their binding to the said peptide 
analogue, 

25 . addition to the preceding solid support of a second antibody which is 

labelled, in particular by means of coupling with a radioactive, enzymatic or 
fluorescent label, the said labelled antibody specifically recognizing either the 
molecules of the MHC in their conformation which is dependent on their binding to 
the peptide analogue, or a molecule which itself binds specifically to the molecules 

30 of the MHC in their abovementioned conformation, in particular p2-microglobulin 
which specifically recognizes the molecules of the MHC of category I, 

. detection, after rinsing the solid support, of the possible presence of the 
second labelled antibody which has remained bound to the solid support, 

. evaluation of the duration of the association between the said peptide 

35 analogue and the molecules of the MHC. 
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20, Set or kit for carrying out a screening process according to Claim 19, 
comprising: 

- molecules of the MHC, and/or 

5 - antibodies which specifically recognize the molecules of the MHC in their 

conformation which is dependent on their binding to the said peptide analogue, 
which antibodies are advantageously bound to a solid support, or are supplied with 
the reagents required for binding them to the solid support, and/or 

- antibodies which are labelled, in particular by means of coupling with a 
10 radioactive, enzymatic or fluorescent label, this antibody specifically recognizing 

either the molecules of the MHC in their conformation which is dependent on their 
binding to the peptide analogue, or a molecule which itself binds specifically to the 
molecules of the MHC in their abovementioned conformation, in particular ###2- 
microglobulin which specifically recognizes the molecules of the MHC of category 
15 I, and/or 

- a protocol for carrying out the said process, and/or 

- a control peptide. 

20 
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ABSTRACT 

PEPTIDE ANALOGUES, ANTIBODIES DIRECTED AGAINST THE 
LATTER, AND USES THEREOF, IN PARTICULAR IN 
PHARMACEUTICAL AND DIAGNOSTIC COMPOSITIONS 



The invention relates to the use of peptide analogues of parent peptides, 
characterized in that they correspond to the said parent peptides in which : 

- at least one peptide bond -CO-NH- of the peptide chain is modified, with 
the exception of modifications of the retro or retro-inverso type, or 

at least one amino acid of the peptide chain is substituted with a non- 
protein-generating amino acid, or 

- at least peptide bond -CO-NH- of the peptide chain is modified and at 
least one amino acid of the said peptide chain is substituted with a non-protein- 
generating amino acid, 

for 

- the preparation of a medicinal product intend for preventing or treating the 
abovementioned pathologies, or 

- the preparation of a composition intended for the in vivo diagnosis of the 
abovementioned pathologies, or for the in vivo evaluation of the immune response in 
the context of the abovementioned pathologies, by carrying out a skin 
hypersensitivity reaction by means of intradermal injection of the said composition, 

- carrying out a method for the in vitro diagnosis of the said pathologies. 



(No figures) 
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PATENT 

Attorney's Docket No. 759-11 



COMBINED DECLARATION AND POWER OF ATTORNEY 

(ORIGINAL, DESIGN, NATIONAL STAGE OF PCT, SUPPLEMENTAL, 
DIVISIONAL, CONTINUATION OR CIP) 



As a below named inventor, I hereby declare that: 



TYPE OF DECLARATION 



This declaration is of the following type: (check one) 

[] Original 

[] Supplemental 

[] Design 



INVENTORSHIP IDENTIFICATION 

NOTE If the inventors are each not the inventors of all the claims an explanation of the facts, including the ownership of all the claims at the time the 
last claimed invention was made, should be submitted 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and 
joint inventor (if plural names are listed below) of the subject matter which is claimed and for which a patent is sought 
on the invention entitled: 



PEPTIDE ANALOGUES AND USES THEREOF, IN PARTICULAR IN 
PHARMACEUTICAL AND DIAGNOSTIC COMPOSITIONS 



the specification of which: (complete (a), (b)or(c)) 

(a) [ ] is attached hereto. 

(b) [X ] was filed on November 5, 1999 as 

[X ] Serial No 09/403,627 or 

[ ] Express Mail No. , as Serial No. not yet known 

and was amended on Nov . 5 «, '99 (if applicable) 

(c) [XI was described and claimed in PCT International Application No. PCT/FR98/00923 

fited on E1ay7,9& nd as amended under PCT Article 19 on . (if any) 



[X ] National Stage PCT 

[] Divisional 

[ ] Continuation 

[ ] Continuation-in-Part (CIP) 
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ACKNOWLEDGMENT OF REVIEW OF PAPERS AND DUTY OF CANDOR 

I hereby state that I have reviewed and understand the contents of the above-identified specification, 
including the claims, as amended by any amendment referred to above, and that the filing of said specification, if 
heretofore filed, was authorized by me. 

I acknowledge the duty to disclose information which is material to the patentability of this application in 
accordance with Title 37, Code of Federal Regulations, §1 .56(a). 

CLAIM OF PRIORITY OF EARLIER FOREIGN APPLICATION(S) UNDER 35 U.S.C. §119(a)-(d) 

I hereby claim foreign priority benefits under Title 35, United States Code, §1 1 9 of any foreign application(s) 
for patent or inventor's certificate or of any PCT international application(s) designating at least one country other 
than the United States of America listed below and have also identified below any foreign application(s) for patent or 
inventor's certificate or any PCT international application(s) designating at least one country other than the United 
States of America filed by me on the same subject matter having a filing date before that of the application(s) of 
which priority is claimed: 

(List prior foreign/PCT application(s) filed within 12 months (6 months for design) prior to this U S application ) 

NOTE Where item (c) is entered above and the International Application which designated the U.S. claimed priority check item (e), enter 
the details below and make the priority claim. 



COUNTRY 


APPLICATION NO. DATE OF FILING 


PRIORITY CLAIMED 


(or PCT) 


(Day/Month/Year) 


UNDER 35 USC §119 


France 


97/05677 May 7, 1997 


[X]YES []NO 


[]YES []NO 



CLAIM FOR BENEFIT OF PRIOR U.S. PROVISIONAL APPLICATION(S) UNDER 35 U.S.C. §11 9(e) 

I hereby claim the benefit under Title 35, United States Code, §11 9(e) of any United States provisional 
application(s) listed below: 

(List prior U S provisional applications.) 



PROVISIONAL APPLICATION NO. FILING DATE 

(Day/Month/Year) 



CLAIM FOR BENEFIT OF EARLIER U.S./PCT APPLICATION(S) UNDER 35 U.S.C. 120 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s) or 
PCT international application(s) designating the United States of America that is/are listed below and, insofar as the 
subject matter of each of the claims of this application is not disclosed in such prior application(s) in the manner 
provided by the first paragraph of Title 35, United States Code, §112,1 acknowledge the duty to disclose material 
information as defined in Title 37, Code of Federal Regulations, §1. 56(a) which occurred between the filing date of 
the prior application(s) and the national or PCT international filing date of this application: 
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(Listpnor U.S. applications or PCT international applications designating the U S. for benefit under 35 US C. §120.) 
U.S. APPLICATIONS STATUS (Check One) 



U.S. SERIAL NO. U.S. FILING DATE 

(Day/Month/Year) 


Patented 


Pending 


Abandoned 


0/ 


[] 


[] 


[J 


_o/ 


[] 


[] 


[] 


PCT APPLICATIONS DESIGNATING THE U.S. 


STATUS (Check One) 


PCT APPLN. NO. PCT FILING DATE U.S. SERIAL NOS. 

(Day/Month/Year) ASSIGNED (If any) 


Patented 


Pending 


Abandoned 


PCT; 


[] 


L I 


[] 


PCT/ 


[] 


[] 


[] 


35 USC 119 PRIORITY CLAIM, IF ANY, FOR ABOVE LISTED U.S./PCT APPLICATIONS 


PRIORITY PRIORITY FILING DATE 
APPLICATION NO. COUNTRY (Day/Month/Year) 


ISSUE DATE 

(Day/Month/Year) 









POWER OF ATTORNEY 

As a named inventor, I hereby appoint the following attorney(s) and/or agent(s) to prosecute this application 
and transact all business in the Patent and Trademark Office in connection therewith: 

Charles R. Hoffmann, Reg. No. 24,1 02;_Ron aid J. Baron, Reg. No. 29,281;. Gerald T. Bodner, Reg. No. 30,449; Alan 
"M. Sack, Reg. No. 31,874; A. Tfiomal Kammer, Reg. No. 28,226; R. Gtenn Schroeder, Reg. No. 34J2QuGlenn T. 
Henneberger, Reg. N6736T074; jrving N. Feit, Reg. No. 28 JuTT^hthony E. Bennett, Reg, No. 40 t 9MhOJ3regory W. 
Bachmann, Reg. No. 4fjOT3^teven T. Zuschfag, Reg. ^07 43,309; S usan A. Sipos, Reg. No. 43,128, Kevin E. 
McDermott, Reg. No. 35,946I ZRobert C. Morriss, Reg. No. 42,910; Roderick S.W. Turner, Reg. No. 38,639; James F. 
Harrington, Reg. No. 44,741; §amir R. Patel, Reg. No. 44 i 998^Richard LaCava, Reg. No. 44-A35^Algis Aniiionis, 
Reg. No. 36,995; and Justin K. Holmes, Reg. No. 42JJ66 l each of them of HOFFMANN & BARON, LLP, 6900 
Jericho Turnpike, Syosset, New York 11791: a nd Daniel A. Scola, Jr., Reg. No. 2JL855; Salvatore J. Abbruzzese, 
Reg. No. 30,152;J<ick M. Miles, Reg. No. 37^891; Robert F. Chisholm, Reg. No.iasSS; Kellyanne Merkel, Reg. No. 
43 1 80QLKeithR. Lange, Reg. No. 44,201, JqfirTgSpko, Reg. No. ^IJSgl^nd Barry Jacobsen, Reg. No. 43,689,^ 
each of them of HOFFMANN & BARON, LLP, 1055 Parsippany BoulevarcT, Parsippany, New Jersey 07054. 
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PLEASE SEND CORRESPONDENCE TO: PLEASE DIRECT TELEPHONE CALLS TO: 
Jrvinq N. Feit, Esq. _ 

J jOFFMANN & BARON, LLP James F. Harrington, Esq. 

6900 JerichoTurnpike_ 

Syosset, NY 11791 (5 1 6) 822-3550 



DECLARATION 

I hereby declare that all statements made herein of my own knowledge are true and that ail statements 
made on information and belief are believed to be true; and further, that these statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or imprisonment, or both, under 
Section 1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize the validity 
of the application or any patent issued thereon. 



AO 



SIGNATURE(S) 



Full Name of Sole or First Inventor: 



Jean-Gerard Guillet 



Country of Citizenship: 



France 



39, Rue Raphael, VanvesJF-92170 France /A^ 



Residence Address: 



Post Office Address: 



Date 



Same as Above 



Inventor's signature 




Full Name of Second Joint Inventor: Gilles Guichard 



Country of Citizenship: 



France 



Residence Address: 



Post Office Address: 



6) Quai Matthic, Strasbourg, F 67000 Franco „ . 



Same as Above 



Date: 03> ( Ql / 



loop 



Inventor's signature. 



^ X 



Full Name of Third Joint Inventor: 



Marina Ostankovitch 



Country of Citizenship: 



France 



Residence Address: 



89, Rue Broca, Paris F-75013 France 



FIX 



Post Office Address: 
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Date: OJ J J 00 Inventor's signature. 
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Full Name of Fourth Joint Inventor: Francine Connan 



Country of Citizenship: 



Residence Address: 



Post Office Address. 



France 



21, Rue Du Progres, Deuil-La-Barre, F-95170 France 'f~~t% 



Same as Above 



Date: 19, } Qm£)E > Inventor's signature. 




Full Name of Fifth Joint Inventor: 



Anne Quesnel 



Country of Citizenship: 



France 



Residence Address: 



Post Office Address: 



1 3A, Boul e v ard Be Lyoii, Strasbourg, F-67000, France 



Same as Above 



Date: £o fo2> /SjCQO Inventor's signature ^C^^x^f 



Full Name of Sixth Joint Inventor: 



Jeannine Choppin 



Country of Citizenship: 



France 



Residence Address: 



8, Rue Saint Fiacre, ReimsJj-51100 France p tfjjh^ 



Post Office Address: 



Same as Above 



Date/% Inventor's signature. 




Full Name of Seventh Joint Inventor. Jean-Paul Briand 



Country of Citizenship: 



France 



Residence Address: 



^22££trg£©^^^ France / 



Post Office Address: 



Same as Above 



Date: 
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Full Name of Eighth Joint Inventor: 


Sylviane Muller 




Country of Citizenship; 


France 




Residence Address: 


15, Avonuo Do Lq Eorot Noire, Strasbourg, F-67000, France 
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Post Office Address: 
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